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1.0 


EXECUTIVE SUNNARY 
Purpose of Effort 


1.1 

The primary objective of this effort has been to examine and 
critique the design of the Hughes Aircraft Company (HAC) manufactured 
Ku-band radar/communications system for the Orblter. The current contract 
Is composed of two exhibits, A and B, with four subtasks in Exhibit A and 
three In Exhibit B. The emphasis of the btasks has evolved during the 
course of the contract In response to changin') requirements, and the term 
of the contract has been extended In parallel with HAC's delays In deliv- 
ering hardware and documentation. For example., the radar range test 
evaluation task was deleted since this test Is to be conducted well after 
the expiration of the contract. A system test evaluation task was added 
in Its stead. 

This final report covers the following tasks from Exhibits A 

and B: 

A1 - Ku-Band High-Gain Antenna/Widebeam Horn Design 
Evaluation 

A2 - Evaluation of Ku-band SPA and EA-1 LRU software 

A3 - System Test Evaluation 

A4 - Critical Design Review and Developr..?r> Test Evaluation 

B1 - Ku-Band Bent-Pipe Channel Performance Evaluation 

B2 - Ku-Band LRU Interchangeability Analysis 

B3 - Deliverable Test Equipment Evaluation. 

The effort expended on tasks A1 , A2, A3, B1 and B3 has been docu- 
mented in interim reports [1-5] and in monthly reports. The completion of 
tasks A4 and B2 was predicated on the availability of CDR data package and 
HAC LRU development specifications This documentation has only recently 
been made available; hence, these two tasks are not covered in separate 
interim reports but, rather, are included as Sections 5, 9 and 10 of this 
final report. 

In those areas where deficiencies have been found, Axiomatix has 
suggested modifications and improvements to the Ku-band system and the 
associated test procedures. 
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1.2 General Approa ch 

Axiomatlx personnel have worked with NASA, MAC and Rockwell 
personnel while carrying out this contractual effort, By mutual consent 
of Axiomatlx and thr cognizant NASA personnel, effort within each subtask 
was directed to those problem areas of most concern and in which Improve- 
ments could realistically be made within the present scope of the HAC 
hardware contract. 

Axiomatlx personnel have attended all regularly scheduled program 
reviews, design reviews, and special meetings concerning aspects of the 
Ku-band system relevant to the Axlomatix effort. Monthly reports have been 
submitted detailing the monthly activity and, in some cases, detailing tech 
nical results. Interim reports have been submitted at the completion of 
each subtask. 

1 . 3 Conte nt s of the Final Report 

Section 2.C is an introduction to the final report which ties 
together past Axiomatix efforts with the current effort, describes the 
contents of this report in greater detail, and summarizes Axiomatix con- 
clusions and recommendations. 

The relationship between each Ku-band subsystem and its relevant 
sections in this report is depicted in Figure 1. 

Section 3.0 documents Axiomatix efforts under task A1 , High-Gain 
Antenna/W'i debeam Horn Evaluation. In the course of this effort, the exist- 
ing antenna design was evaluated with the goal of understanding the causes 
of deficient performance, particularly in terms of excessive sidelobe 
levels. Several recommendations have been made and one has been incorpor- 
ated--that of fences on the high-gain feed to reduce mutual -coupl ing 
effects between the main feed and the monopulse elements. 

Section •'i.O covers task B1 , Bent-Pipe Channel Performance Eval- 
uation. Emphasis was placed on the mode 1, channel 3 performance. HAC 
has gone through several design iterations for a mid-bit data sampler at 
the high data rate digital port, and Axiomatix has reviewed those designs 
and made suggestions for improvement. Included in this effort is an anal- 
ysis of the effects of long cable lengths at this input port in terms of 
data-dependent voltage variations and rise time effects. Axiomatix has 
provided results of this analysis to Rockwell for incorporation in the 
SPA specification. 
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Section 5.0 covers the analytical portion of task A4, Critical 
Design Roview and Development Test Evaluation. Emphasis was placed on 
analysis of radar parameters difficult to measure in development tests: 
constant false alarm rate (CFAR) threshold and radar performance as a 
function of scan overlap. 

Section 6.0 details the Axiomatix effort for task A2, SPA and 
EA-1 Software Evaluation. Only EA-1 software considered as documenta- 
tion of the SPA software was not available. This effort consisted of 
examining In detail the Inner workings and structure of the EA-1 software. 
Some of the more subtle aspects of the software are discussed in detail in 
this section, with the intent of providing additional clarity. A minor 
bug was found and has been corrected in a subsequent release. Included are 
recommendations for a more efficient use of processor memory and time. 

Section 7.0 covers task B3, Deliverable System Test Equipment 
(DSTE) Evaluation. This section presents a concise description of the 
DSTE test modules and a series of matrices relating the Rockwell specifi- 
cation to the test modules. Recommendations are made concerning improved 
documentation and DSTE sell-off procedures. 

Section 8.0 covers task A3, System Test Evaluation, and is 
closely related to the DSTE described in Section 7.0. The modified ver- 
sions of the DSTE/Rockwel 1 specification cross-reference matrices are pre- 
sented in this section. These modified matrices show which of the test 
modules were actually used in ADL system test. Axiomatix concludes that 
more test modules should be used to make system test more meaningful 

Section 9.0 covers task B2, LRU Interchangeability Analysis. 

This section is devoted to an analysis of inter-LRU signal parameters and 
the sensitivity of the LRU's to parameter variations. 

Finally, Section 10.0 covers the remainder of task A4, Critical 
Design Review and Development Test Evaluation. This section presents a 
detailed analysis of the development test data from the SPA and EA-1 CDk. 


1.4 Summary, Conclusions and Recomwendations 

1.4.1 High-Gain An tenna/Wi debeam Horn 
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Electrical and physical characteristics of the antenna system 
have been evaluated. Test data shows hlgher-than-antlclpated sldelobe 
levels. Axlomatlx has found several design factors which can contribute 
to these sidelobe levels. The structure, shape and composition of the feed 
support bloods have been evaluated. Axiomatlx suggests pod relocation as 
a means of suppressing the sldelobes In the azimuth plane. Alternate feed 
designs are suggested, Including shaping of the teflon plug In the sum 
feed to promote spherical wavefronts, and the addition of "fences" to 
decouple the main feed and monopulse elements. 

The design was also evaluated for deleterious temperature effects. 
Because no sensitive resonant cavities or tuned elements which might be 
detuned by thermal dimensional changes are incorporated in the design, 
Axiomatlx concludes that the antenna performance should not be temperature 
dependent. 


1.4.2 Bent-Pipe Channel Performance 

HAC has experienced difficulty with the mid-bit data sampler at 
the high data rate digital input port of the SPA. Initial designs were 
not stable over the wide range of data rates (2- 50 Mbps), input voltages, 
clock/data phase offset and rise times. In fact, the input signal volt- 
age and rise time variances due to data-dependent cable effects had not 
been adequately characterized to permit an effective design. Axiomatix 
undertook an investigation of the effects of RG142 cable on various data 
patterns. The result is that a worst-case peak-to-peak voltage loss of 
13% exists at the higher frequencies. Rise time effects were found to 
exhibit a complementary error function behavior, with a rapid initial 
rise followed by a slow rise for fall) to steady state. These results 
have been presented to Rockwell for incorporation into the Ku-band 
specification. 

Various HAC mid-bit detector designs have been evaluated by 
Axiomatix. The design selected incorporates a variable threshold for 
clock and data to accommodate the variability in input levels, a phase- 
frequency detector to track the input clock, and an out-of-lock detector 
to prevent anomolous lock. A complex bit timing error detector is used 
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which relies on the leading edges of data transitions to perform phase 
synchronization between data and clock. Axlomatlx concludes that this 
version of the mid-bit detector will successfully track with a 25% data 
asymmetry and up to 90° phase shift between data and clock. 

1.4.3 Radar Threshold Analysis 

The statistics of the CFAR threshold for the Ku-band radar are 
derived. Exact analytical results are developed for both the mean and 
standard deviations In the designated search mode. The results are pre- 
sented graphically as a function of signal -to-nolse ratio (SNR) and range 
gate noise correlation. 

The standard deviation is shown to be very sensitive to SNR 
and very insensitive to the noise correlation present in the range gates 
of the designated search mode. 

1.4.4 Radar Performance as a Function of Scan Overlap 

Stability of the deployed assembly may cause the antenna scan 
overlap to fall below the recommended value for off -zenith-centered scans. 
This will cause a degradation in the probability of target detection. 
Axiomatix has derived the relationshiop between the antenna overlap, dwell 
time and antenna gain, and their effects on the received target SNR and 
the resulting probability of detection. The results are presented as 
probability of detection versus target range and scan overlap. Maximum 
target energy is received when the scan overlap is approximately 45%, and 
probability of detection decreases to zero as overlap is decreased to zero. 

1.4.5 EA-1 Software 

Release IV of the EA-1 software has been evaluated with the in- 
tent of providing increased understanding of the algorithms and an alter- 
nate verification of performance. This software is used to control the 
status of the Ku-band system via commands from the MDM and the Orbiter D&C 
console. In addition, software routines control antenna scans, perform 
radar self-test, and provide general housekeeping functions for the system. 

The initial phase of this effort entailed a detailed study of HAC 
documentation. During this phase, a cross-reference listing of program 
status flags was generated to facilitate understanding of the relationship 
between the various routines. This listing is included in the final report. 
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After the familiarization phase, the software was examined for 
potential problem areas and possible suboptlmal coding techniques. A 
minor bug was found In the procedure termination routine and has been 
reported to HAC. An example of reconfiguration, one of the more complex 
executive functions, Is presented In detail. Self-test tasks are dis- 
cussed In detail and tables of MDM and D&C outputs are given for various 
phases of the self- test routine. 

It was found that HAC uses a fairly time-consuming irethod of 
storing status flags. Flags are stored eight bits per computer word, 
which mf'is that each time a flag Is accessed, the flag bit must be 
stripped from the word. Axlomatlx recommends an alternate technique for 
storing flags should execution time become critical in the EA-1 processor. 

In general, the HAC documentation of the EA-1 software is excel- 
lent, although inclusion of a cross-reference listing of all variables 
would be useful. 

1.4.6 Deliverable System Test Equipment 

Axiomatix has evaluated the Deliverable System Test Equipment 
(DSTE) which has been delivered to ADL and will be delivered to ESTL. The 
DSTE is capable of performing system level developmental testing of the 
Ku-band equipment and is functionally organized into LRU test panels. 

The DSTE is semi automated, and HAC has generated a number of com- 
puter programs to test the Ku-band system. Axiomatix discusses these pro- 
gram modules in this report. In addition, Axiomatix has generated a series 
of matrices which are used to compare the Rockwell specification to the HAC 
test modules. These matrices also serve to identify those modules used to 
sell off the DSTE to the customer. 

Axiomatix concludes that the modules provide a good selection of 
tests to exercise the system; however, not all modules are used, which 
limits the verification of the Ku-band system conformance to the Rockwell 
specification. Utilization of additional test modules or the Manual Con- 
trol Program (MCP) mode would greatly increase the present capabilities. 
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1.4.7 System Test Evaluation 

Axlomatlx has reviewed and evaluated HAC Ku-band system test 
data. The approach Involved discussions with cognizant Rockwell and HAC 
personnel to determine which tests were used for system verification. The 
results are presented In matrix form, using a format similar to the matrices 
employed to describe the DSTE. 

The test modules used by HAC were originally generated for devel- 
oped tests and were not Intended for system verification; however, It would 
have been too costly and time-consuming to develop modules specifically to 
verify conformance to the Rockwell specification. A total of eight convnunl- 
cations mode test modules and six radar mode test modules, of a total of 
31, were used in system test. An additional six tests were also used. 

The result Is that compliance to the Rockwell specification was 
not verified to a significant degree; however, the system tests did show 
functional performance. Axiomatix recomnends that additional test modules 
be generated to show compliance with the specification. 

1.4.8 LRU Interchangeability 

The LRU interchangeability task examined the LRU-to-LRU and 
the LRU-to-Orbiter interfaces to determine electrical compatibility. The 
conclusion is that the LRU's are not interchangeable since there are a 
number of serious Interface deficiencies. 
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1.4.9 Critical Design Review and Development Test Evaluation 

Axlomatlx has reviewed and evaluated the SPA and EA-1 test data 
presented at the respective design reviews. The results of the Investi- 
gation are presented In block diagram form for the SPA and In matrix fom 
for the EA-1. The rationale Is that the SPA Is data oriented, and the 
test results can best be depicted by tracking the signal flow through the 
LRU. The EA-1 Is more control oriented, and the results can best be high- 
lighted In matrix form since data flow, or processing. Is not a critical 
function of the EA-1 . 

In general, the SPA ADL LRU test*: were fairly thorough; however, 
Axlomatlx has four concerns, as follows: 

(1) Most of the return link failures are serious. 

(2) Return link output signals have not been adequately measured. 

(3) The effects of Input signal tolerance variations on return 
link and forward link performance are unknown. 

(4) The minimum mode 2 return link data rate, lfi kbps, was not 

tested. 

Axiomatix recommends that these concerns, which are discussed in 
greater detail in the report, be resolved as soon as possible. 

A number of test omissions were found in the EA-1 CDR test data; 
however, cognizant personnel at NASA, Rockwell and HAC are aware of these 
problems, hence they have not been restated in this report. The matrices 
presented in Section 10.0 relate for the first time the HAC LRU specifi- 
cation to the Rockwell requirements. Axiomatix concludes that the HAC EA-1 
tests are well documented and adequately test the EA-1 performance. 

1 . 5 Continuing Effort 

Axiomatix will continue to support the Ku-band system development 
and performance evaluation and will work with NASA, Rockwell and HAC person- 
nel to solve design and operational problems in a timely and efficient 


manner. 


2.0 


INTRODUCTION 


This final report documents the Axlomatlx effort under NASA/JSC 
contract NAS 9-15795A/B, “Shuttle Orblter Ku-Band Radar/ Communications 
System Design Evaluation." The effort Is a critique and design evaluation 
of the Hughes Aircraft Company (HAC) Ku-band radar/ communication system 
and Its associated test equipment and documentation. 

2.1 Statement of Work 

2.1.1 Objectives 

The overall objectives of the effort have been to evaluate the 
Ku-band system performance and provide recommendations for improvements 
when technically desirable and economically feasible. Axiomatix has 
maintained a flexible approach: within each contractual subtask, Axio- 
matix has concentrated on those areas of concern which are deemed most 
critical and worthy of investigation at any given t 4 me. As a result, 
Axiomatix has been able to respond to the needs of NASA/JSC in a timely 
manner to provide expertise and technical resources when and where they 
were needed. 

The Axiomatix effort can be divided into three principal areas 
of endeavor, as follows: 

(1) Critique and evaluate HAC hardware for conformance to 
specification, based on design evaluation, test results 
and analysis. 

(2) Evaluate the capability of HAC test procedures and equip- 
ment to verify LRU and system performance. 

(3) Provide rapid response to NASA for technical consultation 
in areas of concern under the aegis of this contract. 

2.1.2 Task Statements 

During the course of this contract, emphasis has evolved from 
Shuttle rendezvous radar to communications. As a consequence, the tasks 
in this contract have been modified to reflect this change. In addition, 
delivery of HAC hardware, test results and documentation has been delayed. 
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The current contract consists of two principal parts. Exhibit A 
and Exhibit B. Exhibit A consists of the follow tasks: 

Task 1. Ku-Band High-Gain Antenna/Ml debeam Horn Design 
Evaluation 

The contractor shall analyze the Ku-band high-gain antenna and 
wldebeam horn antenna performance and assess the design changes needed to 
meet NASA requirements for radar and communication modes. Also, assess 
the need for polarization switching from linear to circular for communica- 
tions operation. The contractor shall make recommendations to NASA for 
specific hardware design changes and/or changes to the procurement tech- 
nical specification that will assure satisfactory compliance with the NASA 
performance requirements for all modes of operation. 

Task 2 . Evaluation of Ku-Band SPA and EA-1 LRU Software 

The contractor shall evaluate the Ku-band software (firmware) 
logic flow diagrams as to conformance with the intended functions required 
of the SPA and EA-1 LRU's. Implementation of the algorithms defined by 
the flow diagram in software code will be examined in detail for potential 
probl ems . 

The contractor shall provide a narrative description of the soft- 
ware functions, algorithms and programming techniques in order tc facili- 
tate understanding the systems and ease software modification and mainten- 
ance. The contractor will make recommendations as to modifications, where 
applicable, to simplify the software and/or increase reliability. 

Task 3. System Test Evaluation 

The contractor shall evaluate and assess the data obtained by 
the Ku-band hardware vendor during system testing. The data shall be 
evaluated to assure that the Ku-band system as a whole is in compliance 
with the requirements of the technical specification. For those areas of 
the hardware design that do not lend themselves to verification by direct 
measurement during test, the contractor shall perform appropriate analysis, 
using the data available, to assure conformance with the requirements. 

The contractor shall identify any areas of nonconformance and provide an 
josessment of the impact to overall system performance. 
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Task 4. Critical Design Review and Development Test Evaluation 

The contractor shall evaluate the data provided for the Critical 
Design Review (CDR) and evaluate and assess the data obtained by the Ku-band 
hardware vendor during LRU tests. The data shall be evaluated to assure 
compliance with the requirements of the technical specification for each 
LRU and the overall Ku-band system, for those areas of the hardware design 
that do not lend themselves to verification by direct measurement during 
test, the contractor shall perform appropriate analysis, using the data 
available, to assure conformance with the requirements. The contractor 
shall Identify any areas of nonconformance and provide an assessment of 
the Impact to overall system performance as a result of the CDR and LRU 
tests. The contractor shall provide recommendations to NASA for changes 
(If required) to the hardware design to meet the requirements of the tech- 
nical specification. 

Exhibit B consists of the following tasks: 

Task 1. Ku-Band B^nt-Pipe Channel Performance Evaluation 

The contractor shall analyze Implementation of the Ku-band Sig- 
nal Processor Assembly (SPA) and the Electronic Assembly-1 (EA-1) to deter- 
mine performance of the wideband bent-pipe channel and the narrowband 
bent-pipe channels. The contractor shall analyze the interfaces between 
the Payload Interrogator (PI) and the SPA and between Payload Station (SP) 
and the SPA to determine the effect of interface signal variations on com- 
munication channel crosstalk and signal distortion. From these analyses, 
the contractor shall recommend solutions to any performance problems iden- 
tified. These recommendations may involve changes to the interface char- 
acteristics between the PI and SPA and between the PS and the SPA as well 
as optimizations of the SPA and EA-1 implementations. 

Task 2. Ku-dand Line Replaceable Unit (LRU) Interchangeability 
Analysis 

The contractor shall review the system specifications, the LRU 
specifications, the engineering model system test results, the acceptance 
test plan (ATP), and the qualification test plan (QTP) to determine the 
LRU interchangeability. The contractor shall investigate ways of simpli- 
fying ATP QTP and reducing the system test time by demonstrating that 
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to the degree of LRU Interchangeability, LRU tests can be used to satisfy 
the requirements of the system test. 

Task 3. Deliverable Test Equipment Evaluation 

The contractor shall evaluate the Deliverable Test Equipment 
(DTE) design for use In the Avionic Development Laboratory (ADL) and the 
Electronic System Test Laboratory (ESTL). The Contractor shall evaluate 
the software (firmware) used to operate the DTE In terms of the ADL and 
ESTL test requirements. The contractor shall make recomnendatlons to NASA 
as to software (firmware) or hardware changes to the DTE that will simplify 
ADL and ESTL tests and reduce the required test time. 

2.2 General Approach 

During the course of this contract, Axiomatix personnel have 
worked with cognizant NASA, Rockwell and HAC personnel to help solve on- 
going problems and provide expertise in areas of concern requiring fast 
response. Axiomatix personnel have attended all scheduled program reviews, 
design reviews and special meetings at Rockwell and HAC concerning problem 
areas which are relevant to the Axiomatix contract. Examples of the latter 
effort are SPA bit synchronizer reviews and EA-1 Block III servo meetings. 

Monthly reports have been submitted which describe, activities 
during the reporting period and which, in some cases, describe detailed 
technical results. Interim reports have been submitted for all tasks 
except Task A4 and B2. 

Task A4, "Critical Design Review and Development Test Evaluation." 
was delayed due to slips in the Critical Design Review (CDR) schedule and 
a lack of test data. Task B2, "LRU Interchangeability Analysis," was 
delayed due to the lack of current LRU development specifications from HAC. 
As a result, both interim reports are included in this final renort in 
lieu of submission under separate cover. 

Where deficiencies have been found, modifications and improve- 
ments to the Ku-band system and test procedures have been suggested. 
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2.2.1 Relationship to Other Tasks 


The effort described In this report represents an extension of 
past Axlomatlx work on the Ku-band system, and Axlomatlx will continue to 
provide NASA with expertise under ongoing contracts. The EA-2 and DA CDR 
test data will be evaluated under a separate contract, and Axlomatlx will 
continue to monitor, critique and evaluate the Ku-band system as required 
by NASA/ JSC. 

2.3 Contents of the Final Report 

The relationship between the sections in this final report and 
the Ku-band system units. Including deliverable test *. .uipment, is depicted 
In Figure 2. The circled numerals represent the sections In this report. 

The sections are ordered as follows: the first four sections cover efforts 

relevant to the four LRU's; the next two sections cover the Deliverable 
System Test Equipment (DSTE) and the results of system test; the next sec- 
tion covers Interchangeability analysis; finally, the last section describes 
the test data presented at the EA-1 and SPA critical design reviews. 

Section 3.0 presents results of the Axiomatix evaluation of the 
Ku-band high-gain antenna and widebeam horn, which is covered under Task A1 . 
Axiomatix personnel reviewed t.he results of antenna tests conducted by HAC, 
investigated the detailed design of the antenna and consulted with Hughes 
personnel . 

Section 3.1 is an introduction to the problems associated with 
the antenna system. The primary problem encountered is a high sidelobe 
level in the high-gain antenr Section 3.3 is a general description of 
the high-gain antenna, including reflector, support structure and feed 
elements. Section 3.4 is a discussion of the measured RF performance of 
the high-gain antenna. In section 3.5, Axiomatix presents results of an 
investigation into possible thermal efforts on the antenna performance 
since these effects are difficult to measure experimentally. Section 3.6 
presents the results of the Axiomatix study, including recommendations for 
performance improvement. Section 3.7 covers aspects of the widebeam horn 
in a manner parallel to the sections covering the high-gain antenna and, 
in section 3.8, Axiomatix presents conclusions reached as a result of the 
study. 
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Section 4.0 describes Axlomatlx's evaluation of the wideband 
bent-pipe channel performance, Including aspects of the signal Input param- 
eters relevant to the channel performance. Since HAC has experienced dif- 
ficulty with the SPA bit synchronizer at the mode 1, channel 3 Input, 
effort has been concentrated on this Item. This effort Is covered by 
Task B1 of the contract. 

This section Is divided Into three primary areas of Investiga- 
tion. The first covers Input parameter characteristics critical to the 
channel performance. Included Is a discussion of the cable and connector 
effects on the parameters. This port is connected to the data source via 
a 92' cable and up to seven connector pairs. This cable has a severe 
effect on pulse rise time and voltage levels. NASA had noticed data- 
dependent voltage effects at the cable output and, in this section, 

Axiomatix presents analytical results confirming this observation and 
permitting an accurate prediction of the expected variations. Results of 
this analysis have been incorporated into the Rockwell specification. 

The next two major areas of investigation cover detailed critiques 
of the HAC-proposed bit synchronizer. These devices are Intended to sample 
input data as close as possible to the center of the data bit at a rate 
determined by the source clock. The effects of all relevant data/clock 
parameters are examined and performance margins are presented. Timing 
diagrams are used extensively to describe the bit synchronizer performance 
and an analysis of a linearized model of the phase/frequency detector is 
included to supplement the results from the timing diagrams. 

Section 5.0 covers the analytical portion of Task A4, "Critical 
Design Review and Development Test Evaluation." Emphasis was placed on 
an analysis of radar parameters difficult to measure in development test: 
constant false alarm rate (CFAR) threshold and detection performance as a 
function of scan overlap. The HAC radar computes a detection threshold 
based on prior samples of noise and signal-plus-noise. The threshold is 
scaled to produce an average false alarm rate predicated on assumptions 
concerning the noise characteristics. Axiomatix has derived an exact 
formulation for the threshold statistics, mean and standard deviation, 
based on the HAC radar signal processing and Gaussian noise statistics. 
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The resultant values are plotted as a function of signal -to-noise ratio 
(SNR) and noise correlation from range gate to range gate, and compared 
with simulation results. 

Radar detection performance is a fun' ; ion of scan overlap. 
Stability considerations of the deployed assen’oly have forced MAC to mod- 
ify the antenna servo, resulting in degraded scan performance due to less 
than optimum scan overlap. In section 5.2, Axiomatix derives the relation- 
ship between antenna dwell time, scan overlap, antenna gain and received 
target SNR, and the resultant probabilities of detection. 

The EA-1 is the primary control element in the Ku-band system, 
and the fc'A-1 software is the "brains" of the EA-1. Axiomatix has evalua- 
ted the EA-1 software under Task A2 of the contract, and results of this 
effort are given in Section 6.0 of the report. This software performs 
various control functions and mathematical transformations, including gen- 
eration of the radar and communications scans, mode control of the Ku-band 
system in response to MDM and D&C inputs, and radar self-test. 

The Axiomatix effort had two objectives. The first was to bet- 
ter understand the inner workings of the software and to document these 
findings; the second was to evaluate the ability of the software to perform 
the desired functions. Several examples of software functions are dis- 
cussed in detail to aid comprehension, and a cross-reference listing of 
status flags is given. The latter is an aid to understanding the inter- 
action of the various software routines. Self-test is discussed and the 
status of the MDM and D&C outputs is presented as a function of the current 
self- test task being executed. 

The Deliverable System Test Equipment (DSTE) is evaluated in 
Section 7.0 under Task A3 of the contract. Under a separate contract, 
Axiomatix personnel have attended the DSTE seminar presented at Hughes. 

This experience, and the evaluation of available documentation, have 
enabled Axiomatix to report on the ability of the DSTE to perform as 
intended. The DSTE consists of LRU test panels, a minicomputer system 
for test control, a Ku-band signal conditioner, a power control panel 
and some general-purpose test equipment, and is capable of performing 
system level development tests. Thirty-one (31) test modules (software) 
were written to exercise the Ku-band system. 
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The basic approach taken by Axlomatlx was to generate a matrix 
to compare the Ku~b*nd system requirements as detailed In the Rockwell 
specification to the 31 test modules. Ideally, the test modules should 
test a majority of v'he Rockwell System requirements. In this same matrix, 
the modules used to sell off the DSTE will also be Identified. 

Section 8.0 covers Task A3 of the contract, "System Test Evalua- 
tion", and Is closely related to the OSTE task described In Section 7.0. 
Axlomatlx has reviewed and evaluated data obtained by HAC during Ku-band 
system testing. Result?! are presented In matrix form similar to the for- 
mat used In Section 7.0. Those modules actually used in system test have 
been flagged in the matrices. A brief description of additional tests Is 
also included. 

In Section 9.0, Axlomatix evaluates the Ku-band LRU interchange- 
ability which is covered by Task B4 of the contract. The Ku-band communi- 
cations and radar system consists of four LRU's: EA-1 , EA-2, SPA and DA. 

Because of the sheer number and complexity of the interfaces and since 
the LRU is the basic building block of the Ku-band system, it must be 
assured that each LRU is interchangeable with another similar LRU. 

The approach for completing the LRU interchangeability study 
(Task B2) was to examine each of the LRU-to-LRU and LRU-to-Orbiter inter- 
faces using the Rockwell Ku-band specification and the four Hughes LRU 
specifications for baseline information to determine electrical compati- 
bility by verifying that the document describing the signal output was 
consistent with the document specifying the signal input. Since electri- 
cal compatibility was the objective of this study, only interface param- 
eters such as input/output impedances, rise/fall times, proper voltage 
levels and proper power levels were compared. Performance parameters 
such as SNR, BER, spurious products and phase noise were not included in 
this study since performance parameters are verified during development, 
acceptance and qualification testing. Therefore, this study centered on 
examining the electrical coniDatibil ity of all the interfaces. 

The remainder of Task A4, "Development Test Evaluation," is 
discussed in Section 10.0. Section 10.1 covers the SPA and Section 10.2 
covers the EA-1. The results of the evaluation are presented in block 
diagram form for the SPA, with each test highlighted in the appropriate 
signal flow path, and represent ADL test data presented at the CDR. 








The EA-1 evaluation Is based on both ADL and ESTL test results 
and Is presented In matrix form. The HAC specification number Is corre- 
lated with the HAC test number and the appropriate Rockwell specification. 

2.3.1 Issues Not Covered In Major Sections 

During this contract, Axlomatlx was asked by NASA/ JSC to provide 
expertise to help solve minor and. In some cases, major problems on a 
rapid-response basis. The results of these efforts sometimes did not war- 
rant a formal report, and could usually be covered with a br*ef telephone 
call or informal memo. These issues are not covered in thi «. report. One 
major issue not reviewed in a separate section is the question of the 
Block III servo. Axiomatlx was privy to several meetings concerning this 
problem and has made suggestions to aid in the problem resolution. One 
suggestion, the addition of dither, will be incorporated into the system. 
However, Axiomatix did not Issue an interim report; hence, no major sec- 
tion has been dedicated to the Block III servo. 

2 . 4 Conclusions and Recommendations 

2.4.1 High-Gain Antenna and Wi debeam Horn 

The high sidelobe levels of the high-gain Ku-band antenna are a 
primary influence on the antenna system performance. Several relatively 
easily verifiable improvements have been suggested to decrease the side- 
lobe levels of the high-gain antenna. If effective, these changes may 
negate the necessity of alternate, more expensive, changes to the Shuttle 
radar/coirmunication system. In particular, specific recommendations have 
been made to correct the three areas which have been determined to be con- 
tributors to the high sidelobe problem. First, the concept of leakage 
radiation shorting elements on the ground plane was introduced to minimize 
the parasitic mutual -coupl ing effects between the sum feed and the mono- 
pulse elements. Second, the feed support pods have been identified as 
obstacles in the primary sum feed pattern and, therefore, pod relocation 
and shaping and material substitution were suggested as possible remedies 
to the illumination taper blockage on the reflector. Finally, some ideas 
on encouraging the launching of quasi-spherical waves from the sum feed 
were outlined to minimize phase aberrations for the parabolic system. 
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Thermal effects do not appear to be a problem for either the 
high-gain antenna or the wldebeam horn. 

2.4.2 Bent-Pipe Channel Performance Evaluation 

Long runs of cable in the Orblter from the data source to the 
SPA can cause severe frequency-dependent variations in data quality wMch 
inpact the design of the SPA high data rate digital input port. As a 
result of this investigation, the Rockwell specification has been modified 
to include more severe variations in input voltage variations and degraded 
pulse rise times, and HAC has been forces to Include an adaptive threshold 
at the mode 1 channel 3 input. Axiomatix concludes that, with this modi- 
fication and incorporation of the bit synchronizer/midbit detector ana- 
lyzed in section 4.5, source data with parameters within specification 
presented at this port will be tracked and sampled correctly. 

2.4.3 Radar Performance 

In section 5.1, Axiomatix derives statistics of the CFAR thresh- 
old mean and standard deviation for the HAC radar. The analytical results 
are more optimistic than the simulation results, for which no explanation 
is offered. 

The normalized standard deviation is shown to be very sensitive 
to SNR and very insensitive to the noise correlation present in the range 
gates of the designated search mode. The substantial variation in the 
CFAR threshold is dominant at large values of SNR where the normalized 
standard deviation is greater than 0.3. Whether or not this significantly 
affects the resulting probability of detection is a matter which deserves 
additional attention. 

On the optimistic side, the threshold setting and target return 
are correlated; this leads us to conjecture that this variation may not 
appreciably affect the probability of detection. On the pessimistic side, 
there is a substantial variation of the CFAR threshold setting away from 
that developed from the noise-only condition. 

In Section 5.2, the relationship between scan overlap and prob- 
ability of detection is derived. 
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Maximum target energy Is received when the antenna scan overlap 
Is approximately 45% when measured with respect to the half-power beamwldth. 
This compares reasonably with the commonly accepted value of 30% when the 
approximate nature of the antenna ma Inlobe model Is considered. Probabil- 
ity of detection decreases with lower values of scan overlap until zero 
detection Is "achieved" with no overlap. These results should be consid- 
ered when deciding which values of scan overlap are tolerable. 

2.4.4 EA-1 Software 

The EA-1 software Is well documented and annotated, with the 
exception of the omission of a cross-reference listing In the documenta- 
tion. In this report, Axiomatix has provided a cross-reference listing 
of status flags to partially fill this gap. A minor bug in the procedure 
termination routine has been found and the fix is discussed in section 1.1. 
Executive reconfiguration and self-test are examined and appear to perform 
as expected. Discussion of the MDM output during self-test is very brief 
in the HAC documentation; a more complete discussion of the MDM outputs 
is provided in this report. A change in the method of flag storage is 
recommended if processing time becomes a critical factor in future versions 
of the EA-1 software. 

2.4.5 Deliverable System Test Equipment 

The 31 test modules provide a good cross-section of tests with 
which to exercise the Ku-band system. However, based on the test modules 
currently available, the DSTE is very limited when being used to verify 
the Ku-band system performance as per the Rockwell specification. Addi- 
tional test modules or utilization of the MCP mode would greatly increase 
the present capabilities. 

2.4.6 System Test Evaluation 

The 31 test modules can provide a good cross-section of tests 
to exercise the Ku-band system; however, only a limited number of tests 
were run. If compliance to the Rockwell Rev. B specification was to have 
been confirmed during system tests, then the tests were very superficial 
since only a small number of Rev. B paragraphs were verified, as shown in 
the section 8.5 matrices. If the purpose of the system tests was to gain 
additional confidence that the system was functioning, the tests served 
their purpose. 
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It Is Axiomatix 's opinion that, at some time, compliance to the 
Rockwell Rev. B specification must be demonstrated, and the longer It takes 
for this demonstration, the more potential exists for serious system prob- 
lems. It Is reconmended that additional test modules be generated for the 
STE and DSTE's which are capable of specification compliance verification. 

2.4.7 LRU Interchangeability 

Tables 15-23 provide the results summary for the LRU Interchange- 
ability study. Even though some LRU's are presently functioning as a sys- 
tem, the conclusions from Tables 15-23 are that some serious Interface 
deficiencies exist which must be corrected in order to assure LRU Inter- 
changeability. The conclusion of this study is therefore that the LRU's 
are not interchangeable at the present time. 

In order to assure LRU interchangeability, Axiomatix makes the 
following recommendations: 

(1) Each interface discrepancy listed in Tables 15-23 must 
be addressed by Rockwell and/or Hughes and resolved. Full resolution 
includes making the appropriate documentation changes to the Rockwell 
and/or Hughes LRU specifications. 

(2) In this study, Axiomatix reviewed only the Rockwell systems 
specification and the four Hughes LRU specifications. Careful attention 
must be given to determine whether or not the LRU's are built per their 
respective specifications, and it is recommended that the development and 
acceptance tests be reviewed to assure hardware conformance. 

(3) Most interfaces specify some input/output voltage toler- 
ances and, to assure LRU interchangeability, the affected bus voltage 
variations must be tested. It is recommended that the acceptance tests 
and development test exercise the interfaces over the bus voltage range 
of +24 VDC to +32 VDC. The EA-1 ATP already performs some tests as a 
function of bus voltage. However, each ATP should be reviewed in detail 
to verify if such bus voltage tests are conducted and, if so, which 
interfaces or performance parameters are tested. 
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2.4.8 COR Test Data Evaluation 

In general, the SPA ADL LRU tests were fairly thorough. All 
the possible Input signal combinations and the minimum and maximum data 
rates (except for one case) were tested and verified. The forward link 
digital output signal parameters were measured and found to meet the Rock- 
well requirements. 

After evaluating the test data, Axiomatlx has four concerns, 
listed as follows: 

(1) Most of the return link failures are very serious In nature 
and must be resolved as rapidly as possible. Axiomatlx reconmends that 
Hughes respond to each of the failures listed in Tables 30 and 31, Indi- 
cating the corrective action and submitting additional test data. 

(2) The return link output signals (reference Table ) have 
not been adequately measured. Axiomatix recommends that Rockwell update 
the Ku-band specification to eliminate all TBS's and that Hughes supply 
additional test data. 

(3) The effects of input signal tolerance variations on return 
link and forward link performance are i nknown. It is possible for toler- 
ance variations to have a very serious impact on system performance. 
Axiomatix recommends that additional data be supplied, either in the form 
of previous SRU data or new test data, to verify the effects of signal 
variations (reference Tables and ). 

(4) The minimum mode 2 return link data rate, 16 kbps, was not 
tested. Axiomatix recommends that future tests include 16 kbps for mode 2 
return link. 

In reviewing the EA-1 CDR test data, * number of test omissions 
and failures were apparent. Since the Axiomatix evaluation revealed 
nothing that is not known to NASA, Rockwell or HAC, or has not been docu- 
mented, Axiomatix feels it unnecessary to restate the omissions, failures 
and corrective action plans. 

It is the opinion of Axiomatix that the Hughes tests were well 
documented and adequately tested the EA-1 performance. Finally, one bene- 
fit resulting from this CDR test data review by Axiomatix is that a docu- 
ment now exists in section 10.4 which, for the first time, relates the HAC 
EA-1 LRU specification to the Rockwell requirements. 
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3.0 HIGH-GAIN ANTENNA/WIDEBEAM HORN 

3.1 Iwtroductlon/Background 

Axlomatlx has been tasked by NASA JSC to evaluate the design of 
the Shuttle Ku-band high-gain antenna and wldebeam horn antenna. This Is 
Task #1 of Contract NAS 9-15795. The high-gain antenna Is used for both 
rendezvous radar and communications. In the radar mode, the antenna 1» 
linearly polarized and. In the coimunlcatlon mode. It Is circularly polar- 
ized. The wldebeam horn antenna Is to be used for sldelobe dlsclmlnatlon 
In the radar mode and as a TORS acquisition aid In the communications mode. 

In this section, we describe the antenna suit, with emphasis on 
the design aspects which produce performance degradation. Design changes 
are suggested to Improve the antenna system performance. In addition to 
the electrical (RF) problems being encountered, mechanical resonances In 
the antenna structure as well as excessive drifts, possibly due to servo 
components and gyros, have seriously Impaired the scan performance of the 
antenna, particularly In the radar mode. The resonance and drift problems 
are currently under active Investigation by Rockwell, HAC and Axiomatix. 
Results and recommendations In this area will be covered in a subsequent 
report; however, in anticipation of continued scan difficulties, the radar 
detection performance as a function of scan overlap has been analyzed and 
Is Included in section 5.2. 

A primary area of concern of the high-gain antenna performance 
is the higher-than-expected sidelobe levels. In the communications mode 
(circular polarization) , a sidelobe level of -20.6 dB has been measured 
in the azimuth plane. This is close to the expected variation of the 
received TDRS forward link signal, and acquisition with a sidelobe cannot 
be precluded. 

If the sidelobes cannot be reduced to acceptable levels, an alter- 
nate technique must be used to reduce the possibility of sidelobe acquisi- 
tions. Candidate schemes include tighter power control of TDRS, reduced 
receiver sensitivity or multiple-detection thresholds. 

In the radar mode (linear polarization), a sidelobe level of 
-16.8 dB in the azimuth plane has been measured. The radar sidelobe avoid- 
ance technique uses the widebeam horn to discriminate a sidelobe from the 
peak of the high-gain antenna. It is anticipated that the horn will be 
circularly polarized tc optimize communication performance; hence, a 3 dB 
degradation will be experienced in the radar mode. However, if the proper 
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technique Is used for rad «r side lobe avoidance. I.e.. relative comparison 
of the received power In the high-gain antenna and the horn, there appears 
to be adequate margin. 

In order to Improve the sldelobe levels of the high-gain antenna, 
Hughes has experimented with several types of feeds. In this report, 
Axlomatlx suggests other passive changes to Improve the sldelobe levels. 

The Impact of maintaining linear polarization with the wldebeam 
horn on TDRS acquisition Is examined, as Is the Impact of circular polari- 
zation on radar sldelobe avoidance. With linear polarization, the Shuttle 
cannot meet EIRP specification In the communication mode , which means that 
TORS must open-loop point the KSA antenna accurately enough to ensure that 
adequate power Is received at the Shuttle for a successful scan. 

3.2 Summary 

In Section 3.3, we describe the physical characteristics of the 
high-gain antenna reflector and feed elements. Deficiencies In the sum 
feed are discussed, and lack of atmospheric venting is posed as a potential 
problem area. In section 3.4, we discuss the measured RF performance of 
the high-gain antenna and relate the high si delobe levels measured to the 
physical characteristics of the antenna. 

Concern has been expressed as to temperature effects on the 
high-gain antenna performance. In section 3.5, we discuss attributes of 
the feed which might be influenced by temperature extremes and conclude 
that the antenna should be Insensitive to temperature variations. 

In section 3.6, we give detailed suggestions for improvements to 
the high-gain antenna system. In particular, the feed support bipod struc- 
ture Is considered a significant contributor to the high sidelobe levels 
measured in the azimuth plane. Pod relocation, material changes and shaping 
are suggested as improvements. Alternate feed designs are presented to 
further improve system performance. The exact degree of improvement will 
be dm'icult to estimate analytically; it is suggested that these changes 
be implemented experimentally and the effects measured. 

Section 3.7 contains a description of the widebeam horn, with a 
discussion of potential temperature effects due to the polarizer. 
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3.3 Genera) Description, High -Gain Antenna 

The Ku-band high gain antenna system Is a prime focus paraboloid 
with linear polarization for the rendezvous radar function and right-hand 
circular polarization for the comminlcatlons mode. A monopulse co^arator 
subsystem Is Included to maintain tracking capabilities during operational 
use. The antenna system Is stowed In the Orblter payload bay during launch 
and reentry and Is only deployed on orbit for rendezvous and communications 
In space. 

Because of the tight stowage requirement, the focal length 
f ( 10 Inch) of the paraboloid had to be substantially decreased to fit 
within the volume allotted. The diameter of the dish Itself (36 Inches) 
was maintained to be as large as deemed feasible to achieve the narrow 
3dB beamwidths (1.6°) desired. Therefore, the subsequent f/D ratio, a 
design parameter of reflector antenna systems, was extremely low (0.23), 
and this greatly affected the overall antenna performance from that pre- 
dicted by Hughes during the Conceptual Design Review. 

In order to reduce the weight of the deployed antenna system, 
a lightweight graphite epoxy paraboloid antenna was employed. This 
reflector Is composed of layers of woven carbon fiber cloth impregnated 
with epoxy formed on a master mandrel to mold it to the appropriate con- 
tours. Stiffening structures, also made of graphite epoxy, are then 
bonded at the rear of the reflector to add strength and reduce Inertial 
flexing of the surface. The reflector surface itself is not metallized, 
depending on both the anisotropic conductivity and the dielectric mismatch 
of the epoxy/free space Interface for high reflectivity. 

The feed for the antenna system is composed of a sum horn and 
monopul se-tracklng elements, the combination of which create a parasitic 
mutual-coupling effect which appears to degrade the system performance. 

In order to describe the feed system, however, the two subsystems will 
be described separately. 

3.3.1 Antenna Sum Feed 

The sum feed is composed of a short section of square waveguide 
that gradually tapers into the circular waveguide feed aperture which is 
0.5 inch i diameter. Since the physical dimensions of the aperture 
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were reduced to permit the placement of the surrounding monopulse 
elements, the sum feed aperture Is filled with a shaped teflon plug to 
Increase the effective circular waveguide diameter sufficient to sustain 
the proper propagating modes. 

The placement of the orthogonal coaxial probe feeds which create 
the circular polarization capability was experimentally determined by 
actual measurements. Theoretically, the optimum placement of the probes 
Is a quarter of the guide wavelength In front of the short, which Is the 
position of maximum electric field. Due to the tight space restrictions, 
the orthogonal wire short of the probe closest to the aperture was placed 
closer than desirable to the second probe, which can adversely affect the 
cross-polarization Isolation. Earlier, coplanar orthogonal probes were 
attempted but, due to mutual -coupling effects, this approach was discontinued. 

The lengths of the center coaxial probes extending Into the wave- 
guide were also experimentally determined by adjusting the length of a 
variable center conductor probe Into a matched load terminated waveguide 
and measuring the return loss. This design approach generally Is valid, 
except that, for short waveguide sections with multiple discontinuities, 
the final overall matching must be accomplished after the total feed, 

Including the monopulse elements, are assembled. Since the voltage stand- 
ing wave ratio (VSWR), a measure of the Impedance mismatch, was subsequently 
reduced from 1.5 to 1.2 or less during the latter phases of testing. It Is 
assumed this latter procedure was performed. 

The actual sum feed aperture extends 0.1 Inch past the two-inch 
square ground plane. This circular "lip" provides some reduction In the 
mutual coupling effects between sum feed and the adjacent monopulse elements. 
The Inserted teflon plug, which Is physically captured within the circular 
waveguide when the back half of the feed section Is attached, completely 
fills the waveguide. The tapered aperture end is about 0.3 inch long. The 
opposite end Is counterbored to facilitate the transition to the square wave- 
guide. Various dielectric rod antenna shapes were extended out from the 
radiating circular aperture but, because of the mutual coupling effects with 
the monopulse elements and the related high sidelobe levels, a tapered teflon 
plug that did not extend past the circular waveguide lip was finally chosen. 

It appears that this lip aids In the launching of the radiated wave; however, 
some diffraction effects are still obviously present. The height o f this 
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lip was axperl mentally determined to minimize the sldelobe level, which 
Increased substantially after Incorporation of the monopulse elements 
around the sum feed. If appears that little more could be done to Increase 
this Isolation, such as corrugations or chokes, since the monopulse elements 
are located Immediately adjacent (In fact are bent around) the sum feed. 

One possible modification to reduce this mutual coupling Is Included In 
section 3.6, which lists recommendations for Improvement. 

No Impedance transition provisions (such as a +apered horn) Into 
free space were Included In the design. In fact the best description 
of the radiating aperture would be a rather abrupt dlelectrlc/free-space 
Interface at the end of a circular waveguide. Therefore, It Is question- 
able whether a spherical wavefront is radiated from this open-ended wave- 
guide sum feed. The concept of generating a plane wavefront from a para- 
boloid relies on a spherical wavefront emanating from the prime focus; 
therefore, some of the inherent degradation In expected low sldelobe levels 
can be attributed to the sum feed design. Another area of concern Is the 
Illumination at the edges of the reflector dish Is partially blocked by 
the side support pods, which greatly distorts the Illumination taper. 

An earlier version of this antenna system used a four-inch square 
ground plane housing the monopulse phase comparator in conjunction with 
the feed. Obviously this constituted too much blockage of the antenna 
system and significant Improvements in sidelobe levels were noted when the 
ground plane cross-section was reduced to a two-inch square feed and the 
large comparator was relocated along the feed support. 

3.3.2 Antenna Nonopulse Elements 

The monopulse elements consists of four short waveguide sections 
terminated Into receiving slots which detect comparative phase differences 
between opposite pairs of elements, thereby indicating the proper direction 
the antenna must be pointed to perform the tracking function. Again coaxial 
probes are used as transducers to transfer the signals in the waveguide 
to the semirigid coaxial cables which go to the comparator circuit located 
on the feed mount. The placement and lengths of the coaxial probes, as 
well as the dimensions of the slots, were experimentally derived by radiating 
into a matched load or free space and minimizing the VSWR. The length of 
the short waveguide sections was determined by the allotted feed envelope, 
and no resonance effects were utilized in the overall design. The basic 


feed performance was determined to be essentially frequency Independent 
within the frequency range of Interest. Therefore, It Is also relatively 
temperature Independent. (A more detailed discussion of the thermal 
effects will be made In a later section which will delve Into the large 
temperature extremes to be encountered). 

A number of different types of monopulse elements were tested. 

A standard monopulse system successfully employed on other programs 
consisted of printed circuit dipoles and, therefore, these elements 
were Initially used. Various geometric configurations such as "In-line" 
and "star" layouts were tried, but the final monopulse system utilizes 
slots In a ground plane forming a small planar array surrounding the sum 
feed. The reasons that this particular design was selected were that Its 
performance was comparable to the other configurations, fabrication was 
simpler and dimensional reproducibility was better. The presence of the 
dipoles protruding above the ground plane also Increased the amount of 
coupling of the sum feed to the monopulse elements. 

The feed is machined out of a block of aluminum which Is then gold 
plated to reduce resistive losses and minimize the effects of corrosion. 
The feed consists of two halves which are bolted together. The front half 
consists of the circular sum feed and the slotted waveguides of the mono- 
pulse elements. The rear half contains the sum feed squere waveguide and 
the coaxial probe connections. Since Intricate machining is required, 
electron discharge machining (EDM) is extensively used to form precise 
corners. 

A front and cross-sectional views of the sum feed and monopulse 
elements are sketched in figure 3 to illustrate the design. Figure 4 
shows the overall feed and support structure with the attached monopulse 
comparator circuitry. It can be seen that the feed does cause significant 
blockage in the crucial central portion of the dish, even after the 
reduction of the *eed cross-section by relocating the phase comparator 
circuitry. 

3.3.3 Additional Feed Design Considerations 

One aspect of the design that has not been discussed but must 
not be overlooked is to incorporate adequate venting provisions to pre- 
vent damage to the protective 5 mil kapton windows over the monopulse 











elements and the Inserted teflon plug of the sum feed due to the abrupt 
pressure changes arising from launch. The large pressure differentials 
can cause separation of the windows or loss of the teflon plug, the 
latter effect being critical since the sum feed cannot propagate Ku-band 
microwave signals without the dielectric medium In the reduced diameter 
circular waveguide. Even If only partial ejection of the teflon plug 
occurred, the resultant protrusion would behave like a dielectric rod 
antenna with the earlier observed effect of parasitic coupling to the 
monopulse elements and therefore result In much higher sldelobe levels. 

Vents can be Introduced In a number of positions without greatly 
affecting the RF performance. For example, since the feed Is a two-piece 
flanged section, small holes can be machined at the flange face In the cor- 
ners of all five waveguides since the electric fields are negligible there. 
Similarly, small holes can be drilled at the corners of the rear walls of 
the waveguides at the plane of the short, but this Is more difficult to 
align. Since the semirigid coaxial cable probe Is usually filled with a 
dielectric (teflon) and the signal strength Is greatest there by design. 

It Is probably wise to avoid these areas for venting purposes. 

Hughes has subjected a brearfooard feed design to an abrupt vacuum 
test, with no adverse effects. It was felt that adequate venting was 

provided by the nonhermetlc seal connector probes and loose-fitting flanges. 
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The test Involved decreasing the pressure from atmospheric to 10 mm (Hg) of 
vacuum In about 15 seconds. Although it appears adequate, more details 
of the exact launch profile depressurization should be known, and prudent 
design would Incorporate venting provisions to acconmodate multiple launches. 

Another concern is the effect of ultraviolet light from the sun 
affecting the material properties of the teflon plug in the sum feed 
which is critical to the proper operation of the radar and communication 
modes. Although, in the low f/D ratio antenna system, the feed is blocked 
effectively from direct exposure to the sun, whatever energy that is reflected 
from the reflector is highly concentrated since it is focussed at the feed. 

A protective kapton window might also be considered to cover the sum feed 
aperture, similar to the kapton windows used for the monopulse elements. 
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3.4 RF Performance 

The RF performance of the Ku-band antenna system reflects the 
fact that a low f/D ratio prime focus system was selected over a larger 
f/D ratio system such as a Cassegrain with a subreflector. The higher 
than expected sldelobe 1 e-els, which may result In Inadvertent sldelobe 
acquisition, arise from two separate effects. First, the center-fed 
parabola has a large amount of blockage from the feed, feed support, and 
pods. Second, the sum feed system, composed of a dielectric loaded cir- 
cular waveguide. Is not noted for Its Illumination taper or Its spherical 
wavefronts, and parasitic mutual coupling to the monopulse elements Is evi- 
dent. It Is essential to characterize the apparent causes of these limita- 
tions so that future modifications, if required, will be straightforward. 

The measured principal plane antenna patterns are shown In Figures 5 
and 6 for two typical modes: linear polarization and circular polarization 

at 13.77 GHz. Examining these patterns reveals some basic characteristics 
which will generally suffice to describe the pattern at other frequencies, 
since It was designed to be a wideband system. As depleted in the circular 
polarization case pattern of Figure 5, the elevation plane (denoted by EL) 
possibly shows the blockage effects of the feed support by the lower than 
-30dB sldelobe. Generally this obstructed energy is simply redistributed, 
and It is not uncommon to find sldelobes in another region greater than 
would be measured if the blockage did not exist due to the disturbance In 
the Interference patterns. Although a raster scan was made of the Inmedlate 
vicinity of the main beam, a more thorough program of antenna pattern measure 
ments should be conducted for the final flight version to verify that no 
extraneous sldelobes of substantial magnitude exist. 

The measured 3 dB beamwidth is broader than originally specified 
(1.5°-1.6°) but the increase does not appear to be significant. The 
measurement techniques used the expanded scale (6x magnification) to 
resolve the angular relationship to greater than tenths of a degree, and 
calibration curves of the pattern measurement system were taken at a later 
date to confirm that nonl Inearities did not exist. In practice, especially 
when the flight model antenna patterns are measured, calibration verifica- 
tion curves using a series -connected precision attenuator might be recorded 
both before and after a series of patterns to conclusively demonstrate the 
validity of the beamwidth and sidelobe levels. 
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Figure 5. Principal Plane Ku-Band Pattern Measurements for the 
Circularly Polarized Communication Mode 
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ig ure 6- P r inc:ipal Plane Pattern Measurements for the Sum and 
Difference Channels of the Ku-Band Antenna for the 
Linearly Polarized Radar Mode 


The -16.8 dB sldelobes In the azimuth plane are unreasonable. 
Although this behavior Is attributed to a nonideal AOL paraboloid reflec- 
tor, there may be some other suitable explanations. One possibility, 
which will be discussed In the last section dealing with recommended 
Improvements, addresses placement of the graphite epoxy feed supporting 
pods which are In the azimuth plane and block the Illumination taper. 
Another Is the existence of parasitic mutual coupling of the sum feed 
with the monopulse elements since the primary sum feed radiation pattern 
Is greatly distorted when the monopulse elements; are added. 
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3.5 Thermal Effects on the Ku-Band Feed 

The calculated temperature extreme that the Ku-band feed will 
be subjected to Is approximately -170°F (160°K). Therefore, some 
concern has been expressed as to the temperature dependence, If any, 
of the feed. Attempting to utilize the existing knowledge of the 
present design, especially the measured wideband frequency performance. 

It does not appear that there are any critical temperature-dependent 
effects which might adversely affect the feed performance, excluding 
possible mechanical stresses and material phase transitions. The 
design parameters were rather loose; mary aspects of the design were 
experimentally determined and, therefore, not subject to precise dimensions. 
As a result, thermal expansion and contraction effects were, therefore, 
minimized for this wideband system. No sensitive resonant cavities or 
filters which might be detuned by thermal dimensional changes were Incor- 
porated Into the design. The closest structures that resemble a resonant 
cavity are the short waveguide sections of the monopulse elements with 
the radiating slots. Experimentally, however, these elements have been 
measured to operate over the range 13.75 to 15.15 GHz and therefore do 
not seem temperature-sensitive since they are not frequency-sensitive. 

Under standard laboratory conditions, it Is very difficult ar.d 
expensive to measure the performance of an antenna system over the antici- 
pated operating temperatures of space since the feed would have to be 
cryogenically cooled below the dew point of the surroundings, necessitating 
enclosure within a vacuum chamber. Further, the essential antenna parameters, 
beamwidth and sldelobe level measurements require far field pattern measure- 
ments, so that a large transparent vacuum chamber window would be required. 
Thus, the temperature-dependence measurements of an antenna system would 
have to be considered impractical on the ground. The best one could 
realistically achieve is, possibly, to measure the return loss of a cooled 
and heated feed assembly in a vacuum chamber with the feed pointed at a 
matched load. Swept frequency measurement could then establish whether 
temperature-dependent effects exist. 

In response to the concern shown over the temperature dependence, 
a simple heating test of the feed was made using a heat gun during antenna 
pattern measurements. As would be expected, no effects were noted. It 
is felt that such tests are not truly representative since the feed will 
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assume a very low temperature, and the temperature differential calculated 
will be much larger than can be achieved under these conditions. 

Rather than speculate on the effects of the calculated cold 
temperatures* It might be more productive to examine potential solutions 
to the problem. The present thoughts Involve adding a strip heater to 
the feed assembly similar to that used to warm the monopulse comparator 
circuitry. Rather than using active heating, however. If passive means 
are available for thermal control, then these methods should be looked 
at Instead of wasting valuable electrical power. A thermal enclosure 
about the feed and feed support would greatly reduce the temperature 
extremes presently expected. This enclosure could be In the wedge shape 
described later to minimize RF blockage effects. It would also serve 
to protect the feed, comparator, and connecting cables from physical 
damage due to deployment and stowage. 
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3.6 Recommendations for Improvement 

One of the goals of the Ku-band antenna study Is to make recom- 
mendations, If possible, to Improve the performance of the system. After 
describing the antenna In some detail, some areas of Improvement became 
apparent, especially In regards to the higher- than-expected sldelobe levels. 

This section outlines some modifications which seem reasonable to Investigate 
further. 

One of the explanations for the poor sldelobe performance of the 
Ku-band antenna Is the mutual -coupling effects between the sum feed and the 
monopulse elements. The primary sum feed antenna pattern Is disturbed signifi- 
cantly when the monopulse elements are added. The original 20 dB taper on the 
reflector Is reduced to a 10 dB taper. In order to reduce this mutual coupling, 
the addition of shorting elements on the ground plane to place the null from 
the VSWR on the monopclse slots Is proposed. Earlier Hughes tests of a similar 
technique indicated substantial perturbations in pattern measurements by the 
placement of obstacles on the ground plane, but efforts were discontinued due 
to the poor results. In the next section, we describe a more systematic 
technique for the placement of shorting elements. 

The other major contributor to high sidelobe levels appears to arise 
from the blockage of the primary sum feed Illumination pattern by the adjacent 
feed support pods in the azimuth plane. Three modifications are suggested. The 
first is to relocate the pods out of the azimuth plane, preferably into posi- 
tions 120° from the feed support to disrupt the cumulative blockage of both 
pods In one plane. If It is determined that little mechanical support of 
the feed is actually required, then possibly only one support pod parallel to 
the boreslght of the sum feed might be studied. A better solution Is to 
attach the pods at 120° angles to the edge of the reflector such that the 
pods block only the secondary pattern from the illuminated reflector. The 
amount of effective blockage for this configuration is much less, even though 
the pods are longer. Finally, a nonconducti ve material can be used to fabri- 
cate the pods Instead of conductive graphite epoxy. 

A more subtle design method might also be used to decrease the 
effective blockage cross-section. Shaping the pods and feed support into 
diamond and hexagonal wedges can greatly reduce the deleterious effects of 
the obstacles. 

And finally, in order to control the launching of spherical wave 
fronts by using a dielectric lens concept, some possible design shapes for 
the dielectric plug are developed. 
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3.6.1 Reduction of Mutual -Coupling effects 

There was a noticeable degradation In the Illumination taper of 
the primary pattern of the sum feed when the monopulse elements were In- 
corporated. In order to attempt to alter this deleterious Interaction, 
a slight modification of the ground plane Is proposed to create an effective 
short for the leakage radiation diffracted around the lip of the sum feed. 
This short is positioned to take advantage of the directionality of the 
leakage radiation compared to the Incident radiation from the reflector. 

Basically, the Idea Is to position a null from the resultant stand- 
ing wave from the short at the slot center. As Figure 7 Indicates, the 
location of this annular ring sector Is 3/4A from the sum feed. The height 
of the short should be approximately that of the extension of the lip of 
the sum feed, but the exact dimension would probably be experimentally 
determined. 

The Incident radiation from the reflector should not be adversely 
affected by this annular ring sector short by geometrical considerations 
since the height Is small compared to a wavelength and the separation 
between the annular rings Is greater than x/2, which avoids reactive 
termination conditions as In corrugations. 

If improvement is noted, then it would be logical to add other 
annular ring sectors X/2 beyond the first one to improve the effectiveness 
of the short. 

3.6.2 Pod Relocation 

The blockage effect of a center fed paraboloid is especially 
critical since the majority of the Illumination taper of the feed is 
In the central area of the dish, and therefore any obstruction greatly 
alters the antenna pattern, usually by broadening the beamwidth and 
increasing the sidelobe levels. 

The most logical explanation for the degraded sidelobe behavior 
for the linear polarization case (and therefore the circular polarization 
esse) is the use of horizontal graphite-epoxy support pods for mechanical 
rigidity of the main feed support. Since graphite epoxy is considered 
conductive, these pods have a large effect blockage cross-section, simi- 
lar to the reason for changing the orientation of linear polarization with 
respect to the feed support. 
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A sketch of the physical relationship between the sum feed pods 
and reflector Is shown In Figure 8a. Although the pods are relatively 
short* they would exert substantial Influence on the patterns since they 
are positioned so that all radiation In that plane Is blocked. Since the 
f/D ratio of the antenna Is so low* the effective blockage cross-section 
Is large because the angles subtended by the pods Increase when the pods 
are located closer to the focus. In this particular case, the pods are 
so close to the center of the paraboloidal reflector that they Intrinsically 
will obstruct the primary pattern of the sum feed even before Illuminating 
the reflector, as depicted In Figure 8b. if the edge of the reflector is 
roughly ±70° from the sum feed, the pods are approximately ±30° from the 
center (more exact angular relationships should be obtained if further ar 1- 
ysls Is desired). Thus, the primary pattern of the sum feed is completely 
blocked in the azimuth plane beyond the 30° from boreslght. Further, the 
central portion of the primary pattern after reflection is blocked by the 
feed, but this blockage cross-section has been greatly reduced by the 
relocation of the phase comparator and the reduction of the ground plane 
area to 4 square Inches. Thus the presence of the support pods, being 
conductive, completely disrupts the primary and secondary patterns, result- 
ing in poor sldelobe levels. 

If the support pods were attached to the edge of the reflector 
Instead of the central area, the effective blockage cross-section would be 
reduced and the sidelobes correspondingly reduced In magnitude, as sketched 
In Figure 8c. 

3.6.3 Pod Orientation 

Conductive support structures are known to affect patterns for the 
case when the elect: ic field is parallel to the conductive member. The 
explanation, it appeared, was that the conductive member acted in a manner 
to electrically short the incident electric fields, creating a standing 
wave in the vicinity of the parallel member. Electric field vectors ortho- 
gonal to the conductive member, however, Cr'n propagate around the obstacle 
since electric fields can exist normal to. a conductive surface. For the 
case of circular polarization, since the electric field vector rotates, 
the standing-wave phenomenon in similarly applicable for the parallel 
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component of the electric field but not for the orthogjnal component. 
Therefore, a polarizing mechanism exists similar to the wire grid struc- 
tures used to filter out the orientation of linear polarization parallel 
to the wires. 

This effect wss noted early In the development of this Ku-band 
antenna. The sldelobe levels decreased when the orientation of linear 
polarization was rotated to the azimuth plane, which is perpendicular to 
the feed support. However, now the support pods became aligned parallel 
to the electric field and became predominant blocking mechanisms, although 
to a lesser extent. 

If the support pods were located 129° from the feed support, the 
sldelobes would be further reduced since the blocked areas are not In the 
same plane. Therefore the magnitude of the perturbation Is caused by only 
one pod, which Is not the present situation where there are two pods In the 
azimuth plane, the plane which has the high sldelobe problem. By distributing 
the disturbances due to the pod placement about the antenna pattern. It is 
possible to reduce the sldelobe contributions In any single plane, thereby 
decreasing the sldelobe level. 

3.6.4 Pod Material 

The reason why the side support pods result in such large blockade 
Is the fact that graphite-epoxj is quite conductive and, therefore, creates 
standing-wave patterns In the region of the pods. 

One solution is to fabricate the pods from less conductive material 
such as fiberglass or kevlar. These materials, being dielectrics, would 
cause some phase shift problems for the rays incident upon the pods, but 
actual blockage would be minimized. 

One potential problem area if material substitution is used is 
thermal expansion differentials since graphite epoxy is noted for its 
low coefficient of thermal expansion. For the relatively short pod 
lengths considered here, however, this should not deter the serious con- 
sideration of this approach. 
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3.6.5 Pod Shaping 

Another approach might be considered to further Improve the 
side-lobe levels. Earlier work by Ruze [1] and Kay [2] discussed the 
Improvement In gain of antennas when blockage of the obstacle was tapered 
to allow Incident radiation to propagate around the obstacle rather than 
be reflected away by flat surfaces. Their problem was to minimize the 
effects of metallic structures supporting a radome. On a comparative 
scale, that type of blockage was very small since, on a cross-sectional 
basis, the width of the structural members were quite small compared to 
the antenna reflector cross-section. However, for the case of this 
Ku-band antenna, the feed and feed support structure are quite large 
compared to the reflector and the microwave wavelengths. Therefore, the 
shaping of the obstacle should have a correspondingly larger Improvement. 

The specific shape to be considered is a pyramid over the feed and 
a hexagonal wedge or a variant thereof along the feed support which will 
permit some radiation, however distorted, to be collected by the reflector. 
Ideally, the hexagonal wedge !*as long tapers on both sides which behave as 
transitions a n d provide a grazing incidence angle to the incident radiation. 
Since the Illumination taper is greatest at the center of the dish, the 
region where the feed is mounted, this area is intrinsically the most 
critical. An easy test to determine the feasibility of this approach con- 
sists of a simple substitution whereby a section of heavy-duty aluminum 
foil is folded into the appropriate shape and taped onto the breadboard or 
engineering model. The result should be readily apparent by the measurement 
of sidelobe levels. This shaped reflector along the feed/feed support can 
also serve as a thermal shield to reduce the large temperature extremes cal- 
culated to exist at the feed. A fiberglass shell bonded with heavy-duty 
aluminum foil which is painted with white thermal control paint will help 
to passively maintain the feed at a higher temperature than the presently 
calculated -170°F (nonoperational state) and reduce temperature fluctua- 
tions on the phase comparator circuitry which have temperature-sensitive 
varactor diodes subject to "carrier freeze-out" at low temperatures. 
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3.6.6 Dielectric Plug Design 

One design requirement discovered during the early phases of the 
Hughes antenna feed development was the control of the Illumination taper 
which was too uniform and, therefore, resulted In extremely poor sldelobe 
levels. After many trial tests, the present dielectric plug shape was 
evolved which resulted In a satisfactory primary feed pattern without 
the monopulse elements with a 20 dB taper. (The presence of the monopulse 
elements, and the mutual coupling, however, reduced It to a 10 dB taper.) 

This shape Is sketched In Figure 9a, which shows a 0.5 inch diameter 
circular teflon plug tapered at the aperture end to simulate a dielectric 
rod antenna which concentrates the radiated energy in the dielectric as 
though It was a dielectric waveguide. The other end of the plug, facing 
Into the coaxial probe transducer. Is counterbored to form a transition 
from the square waveguide to the circular waveguide section. This "concave" 
surface Is conducive to creating a nonplanar wavefront since the central 
portion of the propagating mode travels at a higher velocity than at the 
perimeter of the circular waveguide, thereby creating a "bulge" in the 
wavefront which might result in a quasi-spherical wave at the aperture 
end since the circular waveguide section is relatively short. However, 
on the aperture end, the tapered dielectric section used to concentrate 
the radiated energy acts to slow the central portion of the propagating 
mode, thereby compensating for the concave surface at the opposite end. A 
sketch of the probable phase fronts for the present design, which coincides 
with that actually measured, is shown in Figure 9b. Since the tapered rod 
was experimentally found to be essential I'l creating a satisfactory illumi- 
nation or amplitude taper in the primary pattern, any suggested modifica- 
tions to improve antenna performance must realistically use this baseline 
design. 

3.6.7 Modifications to Promote Spherical Wavefronts 

Since collimation from paraboloids rely on a spherical wave emana- 
ting from the focus, it would seem logical that an effort be made to alter 
the siutation to favor creating at least a semblance of such a spherical 
wave. This nonspherical wavefront effect would be accentuated for lower 
f/D antenna systems since a longer focal length geometrically reduces the 
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Figure 9a. Present Design of Teflon Plug 



Figure 9b. Sketch of Approximate Phase Fronts 
for the Present Teflon Plug 
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magnitude of the deviation from a true spherical wave, measured In fractions 
of a wavelength. The optical equivalent of this situation Is spherical aber- 
ration, where the degree of distortion corresponds to the sldelobe problem. 

A spherical wavefront requires that the central portion of the 
radiated energy from the feed be launched Into free space earlier than the 
planar wavefront within the dielectric-filled circular waveguide. A s^tch 
of the proposed modifications to the existing teflon plug Is Illustrated In 
Figure . Note that the present design configuration Is generally maintained 
since It has successfully evolved by extensive testing to a satisfactory per- 
formance level. Since few further modifications to decouple the sum feed from 
the monopulse elements are obvious, the spherical wavefronts concept, which 
has lot been emphasized earlier, Is pursued. 

One method to create this desired effect is to drill a small hole 
In the center of the teflon plug, thereby creating a propagating mode which 
can have a longitudinal component of electric field, creating the "bulge" 
that generates the required curvature at the radiating aperture. Since 
this perturbation is distributed, the cumulative effect Is to cause a high 
degree of distortion, with the faster central portion of the mode "dragging 
along" the slower edge portion which serves as a slow wave structure. The 
depth and diameter of the hole would have to be determined by analysis, 
but the concept does permit a degree of control over the shaping of the 
launched wavefront which has not been investigated previously. And, If 
this hole traverses the entire length of the dielectric plug. It can also 
serve as a convenient means of venting the square waveguide section o* the 
sum feed to relieve the contained atmospheric pressure during the launch. 

Another method of creating a quasi -spherical wave is to shape the 
dielectric aperture as a lens system. Since a planar propagating wavefront 
exists within the circular waveguide, the : bulge" can be encouraged by a 
concave surface, such that the aperture appears indented in the center of 
the plug. Since the central portion is launched earlier than the edges, 
a more exaggerated curved wavefront results. Again, further analysis would 
be required for determining the optimum curvature if the concept is pursued, 
but a simple experimental verification can be obtained by machining a test 
teflon plug and comparing the resulting sidelobe levels. 


DRILLED CENTRAL HOLE 



Figure 10a. Modified Design of Teflon Plug to 
Encourage Quasi-Spherical Wavefront 



Figure 10b. Sketch of Approximate Pb.*se Fronts 
for the Modified Teflon Plug 
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A sketch of the desired phase fronts resulting from these 
modifications Is shown In Figure 10b. Note that, although perfect spher- 
ical waves are not produced, the general wavefront Is not 4S distorted 
In terms of the magnitudes of the phase deviations as In Figure 9b . 

3.6.8 Differential Monopulse Element Nulls 

The explanation used In Axlomatlx Report R7804-3 for the absence 
of a well-defined null In a particular plane difference channel was attrib- 
uted to the geometrical relationship of the dipoles to the Incoming phase 
front on which the monopulse tracking system Is based. This phase front 
problem would be more apparent for lower f/D ratios of the antenna reflec- 
tor systems. The orientation of linear polarization In the plane of 
Incidence suffers from a lack of phase resolution since It approaches the 
dipole at the grazing angle. Because of this grazing angle of Incidence, 
the phase Itself cannot be well characterized by the dipole, which Is of 
the order of half a wavelength long. An attempt to plctorlally describe 
this phenomenon Is shown in Figure 11a, which shows that the phase front 
from the edge of the reflector Is incident on the monopulse dipole at 
close to a grazing angle. A more detailed description is shown In 
Figure llh which shows the phase relationship of the incident wave on 
the dipole for the ray path designated by A. It is seen, that the phase 
relationship cannot be well defined for this orientation of polarization 
and this particular dipole orientation. This is not true for the ray 
path designated B since the electric field vector would be oriented paral- 
lel to the dipole, and a prominent null would exist. 

One corrective measure would be to use a curved dipole as shown 
In Figure 11c. This configuration would most closely resemble the focused 
spherical phase front and would thereby avoid the shallow null problem. 

The present monopulse design uses slots in a ground plane, and 
the same explanation is valid except that now the shallow null is trans- 
ferred to the orthogonal plane from the case of the dipole. But since 
the orientation of linear polarization has been rotated to the azimuthal 
plane, the shallow null is still in the elevation plane. The grazing 
angle for the slot configuration is shown in Figure lid, where, due to 
the finite width of the slot, phase resolution can be degraded for a 
low f/D system unless a complex spheroidal ground plane is used. 
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Figure 11a. Ray Paths for the 
Parabolic Antenna 
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Figure lid. Incident Electric Field 
on the flonopulse Element 


Figure 11c. Curved Dipole Configuration 
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3.7. Ku-Band Hide-Beam Horn 

The Ku-band wide -beam horn has two distinct functions. The 
first use Is to determine main beam acquisition for the rendezvous 
radar by establishing a threshold level for comparison with the narrow 
beam antenna sldelobes. The second function Is the wide area acquisition 
of the TORS signal for communications. 

Since the TORS signal Is right-hand circularly polarized (RHCP) and 
the radar Is linearly polarized, there has been some compromise In the 
radar performance. There Is an Inherent 3dBloss when linear polarization 
Is received with a RHCP horn since the linear polarization Is composed 
equally of right and left-hand circular polarization components. 

The purpose of this section Is to describe the wide-beam horn In 
some detail and determine the system trade-offs. Since the horn was Initially 
designed for linear polarization as a result of a possible Skylab mission, 
the antenna pattern measurements with the circular polarization transducer 
are not available at this time. However, the earlier linear polarization 
measurements Indicate reasonable performance parameters. 

3.7.1 Physical Description 

The basic conical horn design is a cone with a slope length of 7.7 
Inches, an aperture diameter of 3.2 inches and a double cone angle of 24°, as 
sketched in Figure 12. The circular polarization (RHCP) transducer is 
located invnedidtely behind the horn and consists of a section of circular 
waveguide with four pairs of tuning screws 45° to the incident linear 
polarization which act as reactive elements to generate the differential 
phase shifts required to change the linear polarization to circular polari- 
zation. 

Some of the general design graphs used to create the differential 
phase shifts are shown in Figure 13^ to explain the multiple-lumped- 
element loading concept of this type of transducer. Instead of a square 
waveguide, the linear polarization is introduced into the circular wave- 
guide at a 45° angle to simulate a power splitter since the equal orthogonal 
components parallel and perpendicular to the tuning screws then undergo the 
differential phase shifts which result in generating circular polarization. 
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3.7.2 Pattern Measurements 

The only Ku-band wide -beam antenna pattern measurements released 
to date have been the linear polarization patterns taken for the proposed 
Skylab mission. Since the wlde-beam antenna Is being converted to right- 
hand circular polarization (RHCP), the patterns themselves can be used 
only as a representative sample of what might be expected for the RHCP 
case, although the efficiency of the circular polarization transducer 
over the broad frequency range will greatly affect the final patterns. 

The most noticeable characteristic of this type of conical horn 
Is the varying beamwldths In the E and H planes at the same frequency, 
as shown In Table 1. 


Table 1. Ku-Band Wide Beam Horn-Linear Polarization 


Freq. (GHz) 

Gain (dB) 

[at rotary iointl 

3dBBeamw1dth (°) - E and H Planes 

13.77 

18.4 

16.6/18.8 

13.90 

19.0 

16.4/19.9 


18.8 

16.7/19.0 

15.15 

U.7 

14.4/17,3 


This distortion from a "circular" beam causes ellipticity and, therefore, 
RHCP polarization loss off-boresight. If the gain magnitude is important, 
then another horn like the corrugated conical horn which has similar E and 
H plane beamwidths might be considered as a substitute. 

As was mentioned previously for the narrow-beam antenna, the 
Inclusion of calibration curves with an in-line precision attenuator both 
before and after a series of pattern measurements is essential to verify 
the validity of the beamwidths and gain. 

3.7.3 Design Comments 

The smooth conical horn has the disadvantage of greater ellipticity 
off axis due to the different beamwidths in the E and H planes. Corrugated 
conical feed horns, on the other hand, are noted for their more equal beam- 
widths in both planes, and some thoughts on considering other types of 
horns might be fruitful. 
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The use of the multlple-lumped-element loading technique by Hughes 
for creating circular polarization does optimize the wide bandwidth require- 
ment since the frequencies are 13.775 GHz for the communications receive 
mode and 15 GHz for the communications transmit mode. It Is also easy to 
design by using lockable tuning screws for final adjustments. 

However, because of the existence of tuning screws, there Is some 
frequency dependence for the circular polarizer and, therefore, certain 
precautions should be taken. For example, the operation of the circular 
polarizer should be measured outside the specified frequency range to 
determine the frequency sensitivity characteristic and thereby deduce 
the expected temperature sensitivity. Since the tuning screws are located 
fairly close together and the probe lengths are short. It is not expected 
that temperature effects would be significant. Again, as in the case of 
the narrow-beam Ku-band feed. It is reconmended that passive means of 
thermal control be employed to protect it against temperature extremes and 
resulting thermal gradients from the abrupt operation of the transmitter. 
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3.8 Conclusions 

The high sldelobe levels of the high-gain Ku-band antenna are 
a primary Influence on the antenna system performance. Several relatively 
easily verifiable Improvements have been suggested to decrease the side- 
lobe levels of the high-gain antenna. If effective, these changes may 
negate the necessity of alternate, more expensive changes to the Shuttle 
radar/comnunlcatlon system. In particular, specific recommendations 
have been made to correct the three areas which have been determined to 
be contributors to the high sldelobe problem. First, the concept of 
leakage radiation shorting elements on the ground plane was Introduced to 
minimize the parasitic mut*<al-coupl1ng effects between the sum feed and 
the monopulse elements. Second, the feed support pods have been Identified 
as obstacles In the primary sum feed pattern and, therefore, pod relocation 
and shaping and material substitution we~e suggested as possible remedies 
to the Illumination taper blockage on the reflector. And finally, some 
Ideas on encouraging the launching of quasl-spherlcal waves from the sum 
feed were outlined to minimize phase aberrations for the parabolic system. 




4.0 KU-BAND BENT-PIPE CHANNEL PERFORMANCE EVALUATION 

4 . 1 Introduction 

4 .'1.1 Background 

This section describes results obtained under Task #1, Exhibit 
"B", "Ku-Band Bent-Pipe Channel Performance Evaluation." Since Hughes 
has been experiencing the greatest difficulty with the wideband bent-pipe 
channel, we have concentrated our efforts in this area. Specifically, 
the SPA mode 1 channel 3 input port has a bit detector whi'-h is the sub- 
ject of considerable redesign effort by Hughes. This port accepts high 
data rate NRZ data (2-50 Mbps) and clock. The SPA input bit detector 
attempts to sample the data at mid-bit in order to preclude sampling 
during a transition. The inherent problem is the wide variability of 
data rate and input waveform parameters. 

The original bit detector circuit consisted of a derived two- 
phase clock and a coincidence circuit. Proximity of data/clock transi- 
tions would trigqer sampling on the alternate clock phas' > . This circuit 
proved to be unstable under worst-case conditions of data asymmetry and 
rise time. A relatively simple modification, that of providing a four- 
phase clock, also proved unsuitable at the higher data rates. As a 
result, Hughes has had to design a new bit synchronizer. 

4.1.2 Summary 

This section describes the two principal designs considered by 
Hughes as well as our analysis of these designs. During the progress of 
this work, it became evident that the input waveform parameters had not 
been adequately characterized and specified. In particular, distortion 
due to cable effects, in terms of frequency-dependent attenuation and 
rise time, had not been accounted for. In section 4.3, we discuss the 
model used to calculate the effects of cable attenuation and rise time 
degradation. Results of this analysis were subsequently incorporated 
in the Rockwell specification. Discussions of the two prime candidate 
designs for a bit synchronizer are contained in sections 4.4 and 4.5. 

The first synchronizer, which was proposed by Pat Conway, 
is shown in Figure 15- Since a detailed description is given in 
section 4.4, we will summarize by stating that this loop utilizes a 
phase-frequency detector to frequency track the received data clock 
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frequency and a mid-bit and transition point sample detector to generate 
a bit timing error (phase error) signal to control the relative phase 
between the local clock and the local data stream. 

It was determined that the basic design was adequate with sym- 
metric bits but could lock up with a large ■* ' ing error and be quasi- 
sfable (timing will not change unless the ciuJ or bit sequence drifts), 
tls will result in incorrectly detecting some bits. 

In particular, for the case of 25% asymmetry at 50 Mbps, the 
following is true: 

(1) With timing errors up to ±2.5 ns (±12.5%), no timing 
change is performed by the loop and no bit errors will be made. 

(2) With timing errors between ±2.5 ns and ±7.5 ns (±37.5%), 
the loop error control will reduce the timing error and no bit errors 
will occur. 

(3) With timing errors between ±7.5 ns and ^10 ns 050%), 
the loop will not adjust the timing error, but bit errors will occur. 

A second bit synchronizer was analyzed and is treated in detail 
in section 4.5. This synchronizer also utilizes a phase-frequency detec- 
tor as the first one did, but has a different and rather complex bit 
timing error detector to adjust the phase between the received and local 
bit epochs. Whereas the Conway synchronizer tracked transitions, this 
synchronizer tracks rising edges of the bit stream only. It was deter- 
mined (section 4.5) that this new bit synchronizer will successfully track 
the rising edges of the received data bits with 25% asymmetry and up to 
a 90° phase shift between the received clock and the data bit timing. 
Furthermore, the data bits will be sampled correctly under these cjndi- 
tions. In both synchronizers, it is advisable to zero the digital -to- 
analog converter loop filter voltage in order to avoid the possibility 
of false lock. 

4.2 Conclusions 

Hughes has elected to implement the modified Pat Conway bit syn- 
chronizer as described in section 4.5. With input data and clock param- 
eters within the specified limits, the bit synchronizer should track and 
bit detect correctly. 








4.3 

4.3.1 


High Data Rate Channel Cable and Connector Loss Effects 
Introduction 
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During the redesign effort of the mode 1 channel 3 bit 
synchronizer, it became obvious that the current input specifications 
were inadequate. The specifications did not account for data-dependent 
losses, e.g., losses incurred due to cable attenuation of the higher 
frequencies, whereas this effect had been noted in cable measurements. 

In addition, rise time effects had not been adequately modeled. Since 
the new bit synchronizer is going to incorporate a variable threshold 
to adaptively set decision levels, it has become mandatory to more accu- 
rately predict the input waveform parameters. 

4.3.2 Data-Dependent Loss Effects 

The concept of data-dependent loss is depicted in Figure 14. 

A long run of 1's or 0's will allow the cable output voltage to reach 
MAX "1" or MIN "0", respectively, whereas a single pulse preceded and 
followed by data of the opposite sense will attain only MIN "1" or MAX 
" 0 ." 

The analysis techniques involved modeling the frequency- 
dependent loss of the cable and connectors, calculating the Fourier 
transform of a single pulse, attenuating the Fourier coefficients, and 
taking the inverse transform to ascertain the loss. In actual fact, 
since the calculations were performed on a computer, the most simple 
approach was to approximate the single pulse with a very low duty cycle 
rectangular pulse train. Thus, the Fourier series was used. 

Worst-case conditions assume 92 ft of cable with seven con- 
nector pairs. From [4], we find that the cable attenuation of RG1 42 
can be modeled as 1.92x10"^ fO-538 ^ p er -| 00 ft. This is derived from 
the table on page 194 of [ 4 ] by using a linear regression of the tabular 
data. The resultant correlation coefficient is 0.9937, indicating that 
the log of attenuation versus the log of frequency can be accurately 
approximated by a straight line in the range of interest. Assuming SMA 
connectors, the connector loss is given as 0.03 dB per connector. 

The resultant data-dependent loss is calculated to be 11.4%. 
That is, a single pulse will be 88.6% of the steady-state voltage dif- 
ference. This can be written as: 
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MIN "1" = V Q +0.886 (V 1 - V Q ) , 

MAX "0" = V 1 -0.886 (\l ] - V Q ) . 

4.3.3 Cable Rise Time Effects 

The response of a cable to fast rise time inputs cannot be 
modeled as a simple filter. Cable measurements indicate a very rapid 
initial rise, followed by a slow tapering off to the final value. From 

[5] and [6], we find that the response to a unit step (1/S) input can be 

given as: 


VCt] = 



with & the cable length, K the cable attenuation constant in ohms per 
unit length per square root hertz, and Rq the characteristic impedance. 
This expression is obtained by multiplying the Laplace transform of the 
cable transfer function by 1/S, then taking the inverse transform. 

The parameter K is not necessarily readily available for all 
cables. Cable specifications are normally supplied as dB attenuation 
per 100 ft at a specific frequency. 

We can determine K/P. Q as a function of attenuation, as follows: 
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4.4 Critique of a Hughes Shuttle Ku-Band Data Sampler/Bit 
Synchronizer 

4.4.1 Summary and Conclusions 

A bit synchronizer proposed by P. H. Conway of Hughes Aircraft 
Is analyzed In a noise-free environment. This task Is accomplished by 
considering the basic operation of the loop via timing diagrams and by 
linearizing the bit synchronizer as an equivalent, continuous, phased- 
lock loop (PLL). 

It was determined that the basic approach was a good design 
which, with proper implementation of the accumulator, up/down counter 
and logic should provide accurate mid-bit sampling with symmetric bits. 

However, when bit asymmetry occurs, the bit synchronizer can 
lock up with a large timing error, yet be quasi-stable (timing will not 
change unless the clock and bit sequence drift). This will result in 
incorrectly detecting some bits. The a priori probability of falling into 
this quasi-stable region is equal to the asymmetry (defined in 4.4.6) 
expressed as a fraction. This assumes a uniform distribution over T sec. 
Thus, except for the case of no asymmetry, there is always some possi- 
bility of remaining in lock but incorrectTy detecting some bits. 

As a final comment, if the timing difference between the bit 

1 _ A CV 

stream and the clock can be held to less than ± -y- -- T sec (T is the 
undistorted bit duration), the bit synchronizer loop will never get into 
the third zone, where bit errors are made but the loop holds lock. 

4.4.2 Introduction and Description of the New Bit Synchronizer 

The purpose of this report is to discuss one "fix" to the oper- 
ation of a Shuttle Ku-band bit synchronizer which utilizes both clock 
and data inputs. The present bit synchronizer has a jitter problem and, 
consequently, occasionally will sample thfe same bit twice and skip the 
following bit. 

An alternative bit synchronizer suggested by P. H. Conway of 
Hughes Aircraft [7] is shown in Figur 1£L The loop is composed of a 
Motorola high-frequency phase-frequency detector (4>-D ET ) [3-10] which is 
capable of detecting both phase and frequency errors and is used to 
track the clock, and a bit transition detector which attempts to track 
the transitions of the data bits. 



I samples are midbit-, Q samples are at the data transitions 


Figure 15. Ku-Band Data Sampler With PLL Clock Tracking 













The Q clock signal shown in Figure 15 is compared with the 
received clock (clock in) which, by virtue of the phase/ frequency detector, 
produces a signal which has a dc component proportional to the frequency 
error (if there is one). Then, when in frequency lock, it produces a 
signal which has a dc component proportional to the phase error between 

the input clock and the VCO output. 

Now, If the digital-to-analog converter (DAC) output was not 
hooked up to the loop filter, the bit synchronizer would track the 
received clock with negigible phase error. However, since the received 
clock and data are at the same frequency but are not phase coherent, it 
is necessary to bump the clock phase so that data samples are taken at 
mid-bit. The function of the DAC is to provide samples of the data at 
the mid-bit point. The VCO clock runs at twice the rute of the received 
clock and is divided down to the clock rate by the P flip-flop following 
the VCO. Actually, this flip-flop provides both an I and a Q clock which 
are phased one-half a bit apart, as shown in the lower left corner of 
Figure . 

The I and Q clocks are used to sample the data one-half of 
a bit apart, when synchronized. This sampling is effected by the two D 
flip-flops following the divide by 2 flip-flop. By using the exclusive- 
OR" of two successive data samples, a transition detector is created, 
thereby producing a binary one with a transition and a binary zero when 
there is no transition. This control enables or disables the up/down 
counter to count eicher up or down. By comparing the I and Q data sam- 
ples (I p and Q n in Figure 15), an estimate of the error in the actual 
transition sample ( Q n ) and the data transition location is obtained. 

It is to be noted that the exclusive-OR output yields only the algebraic 
sign of the error, not the magnitude. This error, assuming a data tran- 
sition, will be accumulated in the up/down (U/D) counter until it either 
underflows or overflows. The accumulator actually has two functions. 

The first is to reduce the speed to the DAC; the second is to control 
the quantization of the loop phase error control. The second up/down 
counter feeds into a DAC which converts the accumulated count into an 
analog voltage, which drives the bit synchronizer loop filter. In effect, 
the up/down counter acts upon the bit timing error signal the same way 
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an Integrator would. This Integration Is precisely what Is needed to 
force the mid-bit data sampler Into the mid-bit position! This fact 
will be made clearer In subsection 4.4.5. 

In conclusion, the bit synchronizer shown In Figure 15 Is 
designed to track the clock and sample the data sequence at the mid-bit 
point. Me now consider the phase/frequency detector and the bit detector 
In more detail In the following sections. 

4.4.3 Description of the Motorola Phase/ Frequency Detector 

Both the MC4344/MC4044 [9] and MCI 2040 [10] Motorola phase/ 
frequency detectors can be used In a broad range of phased-lock loop 
applications. Both sets of detectors are functionally equivalent, how- 
ever, the MC12040 is capable of operating at higher clock speeds. 

Because of the functional equivalence, we shall confine our discussion 
to the MC4344/MC4044 unit. 

The Motorola MC4344/MC4044 phase/frequency detector is com- 
posed of a phase/frequency detector, a quadrature phase detector, a 
charge pump and an amplifier. It is the function of the charge pump to 
convert the pulses out of the phase/frequency detector to a DC value 
which is essentially proportional to either the phase or frequency error. 

In Figure 16, the phase/frequency flow table for the phase/ 
frequency detector is given, along with the charge pump/amplifier fre- 
quency control . 

in order to understand the usage of Figure 16, we shall consider 
an example. Assume that the received clock (R input to the ^-frequency 
detector) lags the local reference (V input to the ^-frequency detector) 
by one-twelfth of a square wave clock cycle, as shown in Case I of Fig- 
ure 17. Starting at state 8 in Figure 17, which corresponds to the R,V 
pair being in state 1,0, we go to Figure 16a and note that state (8) (with 
the parentheses) produces an output U1 = 1 and D1 - 1 . Now, in the time 
interval denoted by (7), we note that R,V =1,1. Moving horizontally in 
the same row to the left, one column (under R-V = 1,1), we find a seven. 
Therefore, we look vertically in the column for (7) which we find one row 
higher, with a corresponding output of U1 = 1 and D1 = 1 . The next 
input is R=0, V= 1. Moving horizontally in the fifth row, we find a 2. 
Moving vertically to the second row, we find the (2), which has a 




(a) Phase Frequency Detector Flow Table 
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(b) Charge Pump-Amplifier Control 



Figure 16. Phase/Frequency Detector Flow Table 
and the Charge Pump-Amplifier Frequency Control 
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corresponding output of U1 • 0, D1 = 1 . Hence, at this point, the U1 output 
drops to zero while the VI remains at one, as shown In Figure 17. Con- 
tinuing in this manner, we find that the phase/freguency detector goes . 
through the states (5). (8). (7). (2). (5). (8). etc., generating the 
waveforms U1 and 31 shown In Case I. Figure 17. Now. by considering Fig- 
ure 16b. we see that, when U1.01 • 0.1. the 0C voltage out of the charge 
pump/ amplifier Is Increased and. when 01 .01 "1.1, the DC vo age 
not change. As a consequence, the DC voltage applied to the loop filter- 
amplifier increases to the VC0 input, causing the local reference 

catch up to the received clock. 

By viewing Figure 17 cases II and HI. It is seen that a large 

timing or phase error produces a larger DC voltage out of the charge 
pump. By virtue of the way the charge pump works, the error control 
signal, when properly smoothed. Is proportional to the timing error over 
the region ±T, where T Is the clock or bit period. In viewing the 
to be phase rather than timing, we find the error signal to be lanea, 

0Ver i2 *' In case IV of Figure!/, the situation when the timing error Is 
increased to U T or - 4 t) Is shown. Even though the error is equava- 
lent to case Fof Figure 17 , the error signal derived from the flow ta .le 
of Figure 16 yields a different error control voltage. The reason or 
this difference is obvious when one considers the S-curve of Flgu 18. 

Because of the memory in the phase/frequency detector, there 
are two error control signals for each error position, or phase error, *. 
The arrows In FigurelB indicate how the the loop behaves as 
increases, first to 2v and then to 4v on a different bench, ten returns 
to zero on the new branch. The original stable point was 0 rad on 
first branch but the second branch is stable at 2. rad (T sec . 

The above discussions were concerned with phase or timing 
errors. We now consider frequency errors. Using the flow table of 
Figure 16a , we can establish that, when f R /f„ - 10 or when yf R “ 10. 

control amplitude is monotonically increasing with increasing re- 
cency error (It is not linear,. The results are plotted an Figure ,9 
for the case of 10:1 frequency error and Figure 20 for 3:1 errors. 
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Figure 20. Phase/Frequency Detector for a 3.1 Frequency Error 
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4.4.4 Description of the Data Detector 

As was mentioned previously, the phase/frequency detector 
provides an error signal to track the clock while the data detector pro- 
vides a perturbation error signal to force the data sampling to be mid- 
bit. The dlvlde-by-two D flip-flop of Figure 14 produces both the I and 
Q samples which are one-half a bit apart In time when the loop is in 
frequency lock. The in-phase samples are delayed one bit in the second 
D flip-flop, labeled "delay" In Figure H Using an exclusIve-OR gate, 
the present data bit is modulo-two added with the previous data bit. 

When the past and present data bits are of the same algebraic sign, 
obviously no transition could have occurred; hence, sampling the tran- 
sition point could yieli' no useful timing information so that the accum- 
ulator is not enabled. On the other hand, when a transition occurs, the 
previous and past data bits do not agree and useful information can be 
obtained from a transition sample. The exclusive-OR gate enables the 
accumulator only when a transition occurs. 

Data bit timing error i formation is obtained by comparing the 

present I and Q samples via an exclusive-OR gate. As shown in Figure 21, 

when the clock timing samples are either late or early, the modulo-two 

sum of I and Q„ is either 0 or 1 , respectively. Therefore, L©Q„, 
n n n w n 

where © denotes modulo-two addition, determines in which direction the 
loop timing should be adjusted in order that the Q samples lie very near 
the transition of the bits. Therefore, the I samples will be in the mid- 
point of the data bits, which is the result desired to avoid missing bit 
samples. 

By using an accumulator with overflow, an up/down counter car 
be used to reduce the speed of the up/down counter driving the DAC. Fur- 
thermore, the accumulator sets the quantization error in the bit time 
tracking accuracy. The DAC converts the up/down counter output to an 
analog voltage which, in turn, adds with the phase/frequency detector 
to produce the loop filter input signal. 

When the bit synchronizer is not frequency locked, it produces 
no useful information. Although it is not necessary, inhibiting the bit 
detector DAC output during acquisition would improve acquisition time. 













4.4.5 Linearized Analog Equivalent Loop Analysis 

In this section, we model the loop of Figure 14 in a simplified, 
linearized, loop structure shown in Figure 22. First we replace the 
phase/ frequency detector with a phase detector (multiplier). Next, we 
replace the data detector with a phase detector (multiplier). Finally, 
the accumulator and up/down counter are replaced with an integrator since, 
in effect, that is the function they perform. 

In order to utilize this model, the clock and the data must be 
replaced with sinusoidal signals, as shown in Figure 22. We have assumed 
that the phase cf the data is arbitrary with respect to the clock which 
is indicated by the phase angle \j». 

The phase error is defined to be the error between the data 
clock and the VCO reference, r(t). thus, 

$(t) = o + 4 > - e(t) (1 ) 

We shall now show that, for any value of ip, <|>(t) + 0 as t + ■». Note 
that <}>(t) is proportional to e 4 (t). Now, 

e 1 (t) = CLK ( t ) • r ( t ) = /2A sin^ogt+e) /2B sin (uigt +ej (2) 

or 

e-j (t) = AB sin (e-e) (3) 

where we have neglected the 2 wq term which will be filtered out by the 
loop filter and VCO. Now, 

k f 

e 2 (t) = AB sin(e-e) + -y'e^t) (4) 

where 

1 r l 

5 e 4 (t) = J c 4 (u) du (5) 

-oo 


with S being the Heaviside operator. We use the Heaviside operator nota- 
tion in what follows. Now we have 


CLK(t) = /2 A sin(u) Q t + e) 

r(t) = /2 B cos(u> 0 t + 0 ) 

DCLK(t) = J2 A sin(ujgt + 0+4;) 

Figure 22. Simplified, Linearized Model of the Bit Synchronizer 
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e 4 (t) 

or 


r(t) -DCLK(t) ■ /5 b cos(u» 0 t+e) sin(u> 0 t+e+*) (6) 

e 4 (t) - AB sin (e+*-§) * AB sin* (7) 


If we linearize (3) and (7), we obtain 


£l (t) = AB(e-S) (8) 

e 4 (t) * AB(e-e+*) = e-j (t) + AB* (9) 

Now we can also linearize (4) to yield 

Kr 

e 2 ( t ) = AB(e-S) + AB* (10) 


The phase estimate out of the VCO, e(t), in Heaviside operator notation 
is given by 


F(S) 


S 


= F(S) 


K„ l Ky 

-f jAB(e-S) + -j- AB4j 


( 11 ) 


where F(S) is the loop filter represented as a function of the LaPlace 
variable S. Now, § also satisfies, from (1), 

6 = 0 + *- * ( 12 ) 


so that 


e + * - * 


K v l 

F(S) 4 AB(0-*) + 



(13) 


Since 0 is unimportant in our analysis, we can let it be zero, producing 
from (13) 


MS) = 


/ ABKF(S)\ 

V S) 

■ABK v F(S) + ABK v K p F(S) ^ " 
S S 2 


(14) 


•tikitfr A 1 1 m* ■■ tfr- 4, m i m\i'* MtS.fr With. 


where f(S) Is the LaPlace transform of <»(t), l.e., 


»‘(S) * y{*(t)} (15) 

and 4>(S) Is the LaPlace transform 

*(S) » ^(t)} (16) 

In order to evaluate how well the loop samples the midpoint of 

the bit, we must consider the phase error, 4>(t), as time increases with- 
out bound. Letting the 4*(S) be modeled as a phase step in time so that 

»(S) ■ ^ . (17) 

where ^ is a uniform random variable taking on values in the range (-tt, 
tt) and using the final value tneorem of LaPlace transforms, we have 

1 im 4>(t) = lim [S$(S)] (18) 

t-*=° S-+0 

Hence, using (17) and (18) produces 


lim $(t) 
t-*~ 


1 im 
S+0 


ABK v F(S)) 

1 *0 

V + si 

ABKyF(S) ABKyKpF(S) 

S S 2 

' 1 


(19) 


Assuming a second-order loop requires that the loop filter be of the form 

1 + t 9 S 

F ( s ) = - ( 20 ) 

V 


so that (19) can be evaluated as 






11 m *(t) 
t-*» 


HVI > 0 


d(J 

( 21 ) 


*“r.“ r - ~ .... .... 

tfonshfp between the clock and the data ‘ U TheTi^ ^ "* re ' a ' 
were not aero, the result o, m, ^ " b \"° ted that - " • 

consider the tracking error *( t > wh e «, „ * d ' 11 ,s interesting tt 

removed, corresponding t / 0 ^ h s “ , " te9r ’ t0r ** 

F u> In th1s case, we find that 



*0 

f S * v ABK (M 

Hm ^(t) - n m 

t**® C .Al 

w f 

AB 

T 1 

nr ■ — - 


~ ( 1 +t 2 S) f S J 


= I Pr 


( 22 ) 


"tTn^ ( ° r aCCUmUlat0r ^ counter), the 

samples. This fact satifies 0 ,*^°!!^. ^ l0Cdt10 " ° f ^ ^ bU 

El (t) approachTero 'as ^t->«. '^From^ig jre^" ^ ^ ^ "° r 

rom • 1&jre 22 .it is obvious that 


e 5 (t) * T e 4 (t > * x AB ( 0+ ^- § ) 


( 23 ) 


Also, the oscillator output phase estimate is given by [using ( 11 ) and 


8 = 


p (s) -^{AB(e-fi) + e b | 


( 24 ) 


Rearranging, we obtain 


. . MK y F (S ) - K„ 

6 s 6 = AB t V - F(S)e 


F(S) 


( 25 ) 




■1 - ii ni rtmi i aMt 


il ii Jtl? mtai 




iiT-Atr UUffTfriti iir 1 1 r tt* rf w 


Solving (26) for e, we obtain 


AKy 


.) 


F(S) e(S<) + F(S) r. 5 (S) 




Rearranging (23) produces 


(26) 


£ 


6 



(e(S) + r(s)) 



(27) 


Using (27) in (26) produces, after some algebra, the result (again let- 
ting 6*0) 


£ 5 (S) 


ABK r 

j ABK f K v F(S)/S ? 

j 1 + 1'4 rBKyTTsT/s 


(28) 


Again using the final value theorem, we obtain 


1 im » t,(f ) 


1 1m 

s*o 


^(S) 


(?<0 


so that, assuming *(t) <s a step In phase of * Q rad, we have, using (28) 
and the fact that v(S) - ^/S, that 


{^'5 (f > " AB* 0 (30) 

It can be shown that (30) also holds for a first-order loop (where r(S)=l) 
and it also holds for a step in phase of 

Now consider the steady-state value of F (t). We use linear- 
ized equations in the following, from ( ( \), v/p have 

■'l • AP. (')-<>) (-ji) 


itHtiiltfir it 






and from (10) we have 


♦ Kp 

* T e 4 


Also from (9), we have 


e 4 * e 1 ♦ AB<|> 


Now, since 


§ = ^ F(S) e 2 = F(S) 


E 1 Y T e 4 


we can use (33) in (34) to yield 


« F(S) 




: 1 + S' ( e l + 


From (31), we have 


6 = 0 - 


AB 


Now equating (36) and (35) produces (letting 9=0) 


t] (S) 


ABKyK r 
—f 1 *(S) 


Ky F ( S ) Ky Kp 1 


+ -y- + 

S AB 


Again assuming a step in the phase term 4 , * ) yields 


■Minn . j ifti f 


I . I Jljpip 
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( 32 ) 


(33) 


(34) 


(35) 


(36) 


(37) 
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using 


(S) 


ABKyKp * 0 


t k v k f t r 

S "s 7 ” AB 


1 1m e, (t) * 11m Se(S) 

t-+«» S-+0 


produces 


lim e^(t) = AB^g 

t-XB 


(38) 


(39) 


(40) 


From (30) and (40) and Figure 22, we deduce that e 2 (t)->0. 
Therefore, when tracking, the bit synchronizer operates in such a man- 
ner chat e 2 (t) 5 0 and ^(t) ■ - e 5 (t)- Without the feedback, of course, 
the loop would drive e^(t) = 0. 

4.4.6 The Effects of Asymmetry on Bit Detection 

In this section, we address the problem of bit asymmetry on 
both synchronization and bit demodulation. Bit asymmetry percentage is 
defined by 


IT, - TJ 

asy = Y rr x 100% (41) 

'l o 

where T ] is the bit duration of a "one" when preceded and followed by a 
zero, and T Q is the bit duration of a "zero" when preceded and followed 
by a one. It is predicted that the total asymmetry due to rise time and 
transmitted asymmetry will be in the region of 25-35% when the bit rate 
is at 50 Mbps. 

In Figures 23a-c,the case of 25% asymmetry is shown for an 
alternating one/zero sequence, running at 50 Mbps, with three distinct 
timing error regions. Since T-| = 15 ns and Tg = 25 ns, we see that, in 



Bit Synchronizer Timing Error Circuit Legend: 

A = advance timing (increase VCO frequency) 

R - retard timing (lower VCO frequency) 

INH = inhibit accumulator (don’t change VCO frequency) 

R^ = 50 Mbps 

CONCLUSION: With timing e-rors up to *2.5 ns, no timing chanqe, end bits are 

correctly detected. 
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Bit Synchronizer Timing Error Circuit Legend: 

A - advance timing (increase VCO frequency) 

R = retard timing (lower VCO frequency) 

INH - inhibit accumulator (don't change VCO frequency) 
= 50 Mbps 


CONCLUSION: With timing errors in the region ±2.5 ns to ±7.5 ns, the 

loop reduces the timing error and correctly detects the bits. 
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Figure 23b. One/Zero Bit Sequence with 25% Asymmetry and ±2.5 to ±7.5 
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Bit Synchronizer Timing Error Circuit Legend: 

A = advance timing (increase VCO frequency) 

R = retard timing (lower VCO frequency) 

INH = inhibit accumulator (don't change VCO frequency) 
R^ = 50 Mbps 


CONCLUSION: 


With timing errors in the region ±7.5 ns to ±10 ns, the loop does not 
change its timing but it does incorrectly detect some bits (50% error 
rate for the square-wave data sequence). 


Figure 23c. One/Zero Bit Seouence 


with 25°' Asyronetry and ±7.5 to ±10 ns Timing Error 
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fact, ASY*25%. For the vertical lines, the Q^,I^ pairs determine which 
way to adjust the phase ov the VCO according to I n + Q n = 0+ ADVANCE 
(INCREASE VCO VOLTAGE) and I n +Q n * 1 •*> RETARD (DECREASE VCO VOLTAGE) when 
I n + I R _j “1, and no bit timing change when I n + I n ^ » 0. For example, In 
"igure 23a, region I errors are Illustrated. For this timing relation- 
ship, the Input to the accumulator up/down counter would be the sequence 
advance (A), retard (R), advance (A), etc. or, equivalently, ones and 
minus ones to the accumulator which would not change the sample points 
•elative to the bit stream. In Figure 23b, the error is ±5 ns, which pro- 
duces a sequence of advances. In this region (±2.5-±7.5 ns), the loop 
would pull in tc the ±2.5 ns region and correctly decode the data bits. 
When a shift of C ns (7.5-10 ns) is considered in Figure 23c, we find 
that there would be a sequence of Vs and R's which would not reduce the 
error but would cause bit errors to be made in the bit sampling process. 
For the case of alternating one/zero shown, the detected bits are al 1 
zeros, resulting in errors on every other bit. By carefully considering 
Figures 23a-c, it can be concluded that, with 25% asymmetry, the follow- 
ing is true (timing error is defined as timing difference between sam- 
pling at the center of the bits and the actual sampling point): 

1. W-‘,h timing errors up to ±2.5 ns, no timing change is 
effected by the loop and no bit errors are made. 

2. With timing errors between ±2.5 ns and ±7.5 ns, loop 
error control will reduce timing error and no bit errors will occur. 

3. With timing errors between ±7.5 ns and ±10 ns, the loop 
will not adjust the timing, but bit errors will occur . 

The case of 35% bit asymmetry is illustrated in Figure 24 for 
an alternating one-zero sequence. After careful study, we conclude that 
the following is true: 

1. With timing errors up to ±3.5 ns, no timing change is 
effected by the oop and no bit errors are made. 

2. With timing errors between ±3.5 ns and ±6.5 ns, loop error 
control will reduce the timing error and no bit errors will occur. 

3. With timing errors between ±6.5 ns and ±10 ns, the loop 
will not adjust timing, however, bit errors will occur . 
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Sequences other than the one-zero alternating sequence were 
considered and the result was basically the same for any level of asym- 
metry. 

In conclusion, we see that three "zones" or timing error regions 
will apply. The first region Is a dead zone In the sense that the no- 
error control signal is generated In the accumulator because the error 
signals alternate back and forth in algebraic sign. This region extends 
In magnitude from zero timing error to seconds, where T is the 
undistorted bit symbol duration. The bits are correctly detected In 
this region. 

acv.Y /l-ASY\ 

The second region extends from seconds to l ! g- IT sec- 

onds. In this region, the loop provides an error control signal from 
the bit timing error detector which reduces the error to the outer edge 

of zone 1. The bits are correctly detected ir, this region. 

( 1 -ASY\ 

y IT seconds to 

T/2 seconds. This region causes the bit timing error detector to pro- 
duce a sequence of alternating ones and minus ones which will therefore 
not exceed the accumulator threshold and, consequently, not update f he 
loop {i.e., a quasistable lock point). Bit errors will occur in this 
region. When the one-zero sequence is considered, only zeros or all 
ones will be detected depending on whether the one bits or the zero 
bits are of greater duration due to asymmetry. For arbitrary sequences 
of ones and zeros, errors will occur although not at a 50% rate. 

As a final comment, if we assume that the a priori probability 
of the initial timing just after acquistion is uniformly distributed, 
the probability of locking in the third region, where bit errors occur, 
is given by 



2 


and therefore, only with zero asymmetry does this problem disappear. If 

the timing error between clock and bit stream could be held to be less 

( 1 -ASY\ 

J ^ — “/T seconds in magnitude, it is possible to avoid the 
troublesome third region. 


*>* 
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4 . 5 Critique of the HAC Shuttle Ku-Band Leading Edge Bit Synchronizer 

4.5.1 Summary and Conclusions 

A bit synchronizer proposed by Hughes Aircraft (Culver City) 

Is analyzed via timing diaor; ,s in a noise-free environment. This syn- 
chronizer Is, In part, a substantial revision of the bit synchronizer 
proposed by P. H. Conway [11] of Hughes Aircraft Company (HAC). 

Based on a review of a HAC note [12] and the timing diagrams 
of Figures 26 through 33, It Is believed that this new bit synchronize 1 will 
track the rising edge of the data bits with 25% asymmetry and up to a 90° 
phase shift between the received clock and data bit timing. In addition, 
the data bits will be demodulated correctly. 

It Is not true that phase shifts larger than 90° will neces- 
sarily be corrected by this bit synchronizer, as evidenced by Figures 32 
and 33. However, the specifications currently require the loop to operate 
over only a ±75° phase shift between the received data stream leading edges 
and the bit synchronizer leading edges; consequently, there should be 
no problem. 

4.5.2 Introduction and Description of the Leading Fo^e 

Bit Synchronizer 

The purpose of the bit synchronizer, shown in Figure 25, is to 
track the leading edge of the incoming bit stream with the aid of the 
received clock and, from this, to regenerate a symmetric bit stream to be 
processed by the convolutional encoder. In addition, the synchronizer 
provides a clock the data rate as well as twice the data rate. 

In Figure 25, two additional subsystems are shown; the first is 
an adaptive threshold device that attempts to restore symmetry to the 
bit stream, and the second is a false frequency lock detector. Since the 
asymmetry corrector will be the subject of another report, we will now 
discuss the false frequency lock detector. 

The purpose of the false frequency lock detector is to ascer- 
tain whether the bit synchronizer is in true lock or false frequency 
lock. This is accomplished by counting both the received clock and the 
synchronizer-generated clock in two separate 8-bit counters. After either 
one counts to its maximum count of 256, the other counter is inhibited 
from further counting. At this point, the count of the unfilled counter 
is compared to 256. If the error is small enough, true lock is accepted; 
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Figure 25. Hugnes Culver City Ku-Band Bit Synchronizer Block Diagram 









POS TRANS DET 
"AND" GATE - 

UP/DOMN GATE 


,±AT£ EARLY 


1 ML’ CLOCK 

COUNTER ENABLE (0) 
i r 


1_ 

■ "ir~ 

LATE 

r.T" 


_L L. 


i::r 


i::r 


L SB DELAYED Ff ( 


rin*:.: i 


z jus_.rrr i ® 


_ _r 


COUNTER RET* 

INCREMENTED, I 


K[T|^ n 


Figure dt Timing Diagram of the Bit Syiu hi oniter Illustrating An Early and late Bit Sequence 

for the Culver City Ki.-Rand Bit Synchroniter 



























figure iO Ttamg Ottqrae of the Sit Syechroel rer Illuttretlag the Cam of Ml **j 
tf«! the Oete Leading the 0 - Imp In by r?.$* 










X2 UK 


_TLTLr 



POS IRAK DET 
-A*C SATE 

UP/DOUN GATE 

uWKsrsm 

1 KM2 CLK 
RESET 

COUNTER l»Uu.l F/F(Q) 

COUNTER EMM.E F/F(Q) 

J--A*T 
K-'AIO" 

fhq(O) 

IS8 

LS8 TRANS OH 
COUNTER INCREMENT 

Figure 'iw’ng Diagram o* the Bit Synchronizer Illustrating the Case of 25* Asjawtrjr 
with the OaU lagging the Q-Saaples by IM* 






courrni mcnmorr 





100 


otherwise, false lock Is assumed. If false lock Is detected, the 
dlgital-to-analog converter (DAC) voltage Is set to provide 0 DC bias 
Into the loop filter, which allows the loop to reacquire In true lock. 

The bit synchronizer loop Is composed of a Motorola high-frequency 
phase-frequency detector ($-F) [9§13] which Is capable of detecting both 
phase and frequency errors and Is used to track the received clock, as 
well as a bit timing detector, based on positive data transitions. 

The phase-frequency detector has been discussed In some detail 
In [11] and will not be discussed here except to say that Its function Is 
to act as a discriminator In a frequency lock loop during frequency acqui- 
sition and as a phase detector during tracking. 

In effect, the $-F detector removes the frequency error between 
the VCO and the received clock, then removes the phase error. The func- 
tion of the flip-flops, least significant bit detector, and counter-DAC 
unit is to position the clock-generated bit timing so that the Q-clock 
straddle 6 the leading edge of each bit. 

The VCO Is run at 4-100 MHz and divided by 2 by the D flip- 
flop (F/F) following the VCO. From the Q output, the Q-clock is generated 
and, from the Q output, the I-clock is generated. Flip-flop FDI then 
provides samples of the I sample (mid-bit samples) whereas FDQ outputs 
the Q samples (or transition samples). The function of FEQ is to delay 
the I sample by one-half of one bit so that the positive data detector 
gate will go high when a positive transition occurs. The up/down gate, 
along with the J-AND and K-AND gates, set the JK flip-flop so as to 
increase or decrease the counter count and, therefore, the DAC voltage. 

This voltage is subtracted in the loop filter amplifier, thereby adjust- 
ing the loop VCO phase relative to the received clock phase. Both the 
Q-clock and the X2 clock, plus the resynchronized data, are sent to the 
convolutional decoder. The function of the least significant bit tran- 
sition detector is to provide a settling time of 2 ms before a new update 
can be processed. 

Now consider Figure 26,which illustrates how the loop provides 
corrections so as to align the leading edge of the Q-clock with the lead- 
ing edge of the bit stream. The top row illustrates an early data stream 
in the solid line and a late data stream in the dasned line. The next 
three rows illustrate the I, Q and X2 clocks. 










In the 5th row, the FDI D-type flip-flop samples the data stream 
at the rising edge of the I-clock (CLK), whereas FDQq outputs the Q-CLK 
sample of the data in row 6. The 7th row indicates that the FDQ^ output 
Is simply the complement of FDQq. Notice that both FDQq and FDQq- are 
dependent on the data timing relative to the Q-CLK timing. 

Row 8 Illustrates the output of FEQq which Is a one-half -bit 
delay of the I samples. FEQq- Is the complement of FEQq. In the 10th row, 
the positive transition detector output AND-gate Is shown. Notice that a 
pulse occurs one-half a bit. after the occurrence of the leading edge of 
each bit. 

The 11th row Illustrates the up/down gate output for both late 
and early data streams. In the 12th row, the count enable flip-flip is 
Indicated. In order for the count enable to be high, the reset Input 
must be at the 0 state and the transition detector must be high when the 
Q-clock arrives. When the Q-output is high, the up/down counter is free 
to accept a unit change in its count. 

In the 13th row, the 1 kHz clock tick marks are shown, for 
convenience, at a much higher rate than 1 kHz. The counter enable ($) 
output of the flip-flop of row 14 is the Inverse of the 12th row output. 

Row 15 depicts the output of the J-AND gate, illustrating the 
difference for early and late data streams. In the same manner, row 17 
illustrates the output of the K-AND gate. In row 16, the inverse of 
the up/down gate is illustrated. 

Row 18 illustrates the least significant bit output of the up/ 
down counter which feeds the LSB delayed flip-flop. This control stays 
high for 2 ms rather than 1 ms since the up/down counter is enabled just 
after the next 1 ms clock occurs, which therefore requires 2 ms to change 
the LSB. 

In row 19, the least significant bit detector flip-flop output 
stays high for 2 ms, as can be seen from the sketch. The reason for the 
2 ms duration is the same as for the LSB 2 ms duration. The reset control 
for the counter enable F/F is just the modulo 2 sum of the LSB and the 
LSB-delayed F/F, which is shown in row 20. 

In the 21st row, the JK F/F called FHQ(Q) provides the advance 
or retard signal which, when clocked into the up/down counter and converted 
via the DAC, provides the timing error reduction. This advance or retard 
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Is relative to the Q-clock epoch times. Finally, the last row Illustrates 
the times when the counter Is updated to correct the loop timing. Notice 
that the correction will be an advance of the VCG-generated clock when the 
leading edge of the bit stream leads the clock and a retard If the data 
leading edge Is retarded from the clock. 

4.5.3 Timing Diagrams Under Imperfect Data Streams 

In this section, timing diagrams are presented which consider 
data asymmetry cf 25% and various timing errors. In Figure 17, the case 
of 25% asymmetry Is Illustrated via a timing diagram. Asymmetry Is 
defined as 


|V T 0 

ASY * T - r - r x 100% 

'l 'o 

where Tj is the bit duration of a "one" when preceded and followed by a 
zero, and Tq Is the bit duration of a "zero" when preceded and followed 
by a one. It Is currently expected that the total asymmetry due to rise 
time and transmitted asymmetry will be no more than 25% at 50 Mbps, and 
less at low bit rates. 

In the last row of Figure 17, it is seem that the updating is in 
the correct direction; that is, the Q-clock is advancing. We conclude 
from Figure 17 that errors up to 90° (data leading edge of the Q-clock) 
are acceptable to the bit synchronizer when the data "ones" are larger 
than the data "zeros" with 25% asymmetry. 

In Figurel8, the same case as in Figurel7 is illustrated, except 
that the data lags the Q samples leading edge by 67.5°. As can be seen 
in row 6, the Q samples are all zero; however, the last row of the timing 
diagram indicates that the error correction signal retards the timing, 
which is the proper action for the loop to take. We conclude from Fig- 
ure 18 that, with errors up to 90° (data lagging the leading edge of the 
Q-clock) and 25% asymmetry, the bit synchronizer works properly so as to 
decrease the timing error. 

Figure 19 illustrates the same case as Figure 18 except that the 
phase of the 1 kHz clock has been changed to verify that the loop operates 
properly, which it does. 
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In Figure 20, the case when the data leads the Q-clock by 22.5° 

Is Illustrated. This figure has the "ones" larger than the "zeros" but, 
again, the bit synchronizer provides the correct correction so as to 
reduce the tracking error. 

Figure 21 Illustrates the case where data lags the Q samples 
by 100° and has 25% asymmetry with the "zeros" wider than the "ones." 

As can be seen from the last row, the loop still corrects In the proper 
direction so as to reduce the timing error. 

The point of Figure 221s to Illustrate the fact that the bit 
synchronizer has limitations as to how large a timing error can be toler- 
ated. With the data lagging the leading edge of the Q sample by 190°, it 
Is seen that the loop has no response; that is, no loop correction occurs 
since the counter enable Is always at 0 or, equivalently, the counter is 
disabled. 

Finally, Figure 23 illustrates the case when, with 25% asymmetry, 
and the data leading the Q-clock by 100°, the loop is incapable of provid- 
ing updates to reduce the timing error. 
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5.1 


5.1.1 


In this section and section 5.2, Axlomatlx evaluates radar 
parameters which are difficult to measure experimentally. This effort 
Is covered under Task A4 of the contract, "Critical Design Review and 
Development Test Evaluation." 

The constant false alrm rate (CFAR) thresholding scheme In the 
S* .tie Ku-band radar Is analyzed for the "designated mode" of operation. 
In particular, both the mean and standard deviations are determined for 
the threshold level. 

In search, there are two basic modes of operation: designated 

and undesignated. In the designated mode, range being designated, there 
are two overlapping range gates of width 3t/2, where t is the transmitted 
pulse width. Four nonoverlapping range gates of width t are used in the 
undesignated mode. 

Sixteen pulses are transmitted at each of the five RF frequen- 
cies. When range designation is available, the pulse width and pulse 
repetition frequency are functions of the designated range. 

Included below is a glossary of terms used in this section. 


I = RF frequency index; Ie[l,I m . w ] 

max 

L ■ Range gate index; {;]; 

k = Time index for a specified pair (I,L); ke[0,N-l] 
m = Doppler filter index; metO.N-l], N = 1 6 


S R (L,k), S.(L,k) = Real and imaginary parts, respectively, of the signal 
' component at the output of the Lth range gate, at 

time k. 


N R ( L , k ) , NjfL.k) 


Real and imaginary parts, respectively, of the noise 
component at the output of the Lth gate, at time k. 


PSI (L,k) = 
S R ( L , k ) + N R ( L , k ) 


Real part of the total output of the Lth gate at 
time k. 


c „ fSQ(L.k) - 
SjCL.k) ♦ Nj(L.k) 

F(L,m) 

F R (L.m), F I (L,m) 

. 2 


°„ 2 


. Jm.9jn.ry part of the tot.l output of the lth gate 
Output of the mth doppler filter following the Lth 
"e.l end tmagfnar-j, ports of F(L,m), respectively. 
Gaussian sigJJ? COTwnlnts!" 1 ,uadrature P h “e 
Gauss?an noisTcOTpOTents'"’'’ quadrature Pba« 


N * Order of the Discrete Fourier Transform (OFT) filter 
I * I ■ Norm of ( . ) 

p * Noise correlation coefficient, 
j ■ /T 


b. 1.2 


designated Mode Threshold 

- ir."* "■ 

rr‘S,rr,:;,r ™ t“ 

radar, see [14] ° f the Processing for the Ku-band 

band waveform ° UtPUt ^ ^ f " ter ,S dow,,c “"‘orted to a' complex base 


1 + JQ 3 SJ (I.J,k) + jSQ(I,J,k) 

Before A/D. the I and 0 waveforms for the kth pulse are given by 
• ♦ JQ = A, P(t-kT p ) expjjf.^v.jjj + Nc ( t) 


(42) 


+ JN $ (t) 


( 43 ) 


where 


A ‘ = Ra'vlliar TT* ° f the tar9et ™*“™ bas the 

y etgh Probability density function with parameter a 2 

Which represents signal power 


s • 




Received Pulse 


Target Present 
Target Absent 


Shuttle Ku-Band Radar 


Figure 34. Signal Processing for Designated Mode in Search 
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0j ■ a random phase uniformly distributed over (0,2*) 

■ the doppler frequency, which is neglected In this analy- 
sis. The effect of doppler on the final results Is not 
expected to be appreciable. 

P(t) • pulse shape of width t seconds 
T p - (PRF)" 1 

N c (t). N s (t) ■ Independent zero-mean Gaussian processes with one-sided 
power spectral density Nq W/Hz and one-sided noise band- 
width f (f c « 237 kHz), which is the 3 dB bandwidth of 
Hj (f ) (see Figure 34). 

The noise power In N c (t) and N $ ( t ) Is therefore given by 

"o f c (44) 


for each process. 

The integration process of the presum is also shown in Figure 34. 
for the designated mode in search. We assume that the received pulse is 
ideally designated so that it appears exactly between the two range gates 
of width 3 t/ 2, as shown in Figure 34. This, coupled with neglecting tha 
doppler effect, maximizes the effect of the signal received from the tar- 
get on the CFAR threshold. 

With these assumptions, the presum output for the kth pulse 
for the Lth range gate is 


t+3t/2 


PSI(L.k) + j PSQ(L.k) « \ J SI (t) + j SQ(t)]dt 


= Ajt exp(jej) + | 


t s +3t/2 


N c (t) + j N s (t) 


dt. (45) 


where the sum of the samples at the output of the A/D is approximated by 
analog integration. This is an excellent approximation since the number 
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of samples In 3t/2 Is sufficiently large at long ranges. The starting 
time of the range gate Integration Is designated t s . 

The signal part of the presum output Is designated 


Aj t exp(j8j) * S R (L,k) ♦ jSj(L,k) 


(46) 


where S D and S. are independent zero-mean Gaussian random variables, 
with variance o s . This Is the same value found at the input to the 
presum because of the no-mal ization in our definition. 

The noise components of the presum output are designated 


N R (L ,k) 4- j Nj(L.k) «= {- / 


t s 43x/2 


N c (t) + j N s (t) 


dt 


(47) 


where N R and Nj are independent Gaussian random variables with variances 


2 _ (%) 
°n “ \ 27 


2 = 4 "o 


(48) 


Formulation of the CFAR threshold for the designated mode in 
search is shown in more detail in Figure 35. In particular, the outputs 
of the DFT doppler filters are given by 


F(m) 


N-l 

V 

k=0 


PSI(k) 4 j PSQ(k) 


/ . 2nmk\ 
exp^-j - r ) 


(49) 


for both the early and late s ange gate outputs. Note that the doppler 
filter outputs from the early and late range gates are correlated; this 
affects the evaluation of the variance of this CFAR threshold. 

The CFAR threshold, T, is formed via the following average 


I +1 N-l 
max 


. Mia A r-, r-^ 

T = C 1 y y ^ F(L ,m,I ) 

1=) L=-l m=0 


(50) 






F(-l ,m) i 
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Fi 1 ters 


Bank of 
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Figure 35. Formulation of Shuttle Ku-Band CFAR Threshold for Designated Mode in Search 
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where 

I ■ the RF frequency Index, I * ^max " ** 

I. . the range gate index, L - -1 : early gate; t- +1: late gate 

k * the time or pulse index, k » 0 N-l , N B 16 

m ■ the frequency of doppler filter index, m « 0 N-l. 

In the next section, the results of the statistical analysis of 
T are discussed. 

5.1.3 Performance of CFAR Threshold 

The mean (ensemble average) of the CFAR threshold is determined 
in section 5.1.4 and plotted in Figure 36. In this analysis, any doppler 
frequency shift away from the center frequency of the nearest doppler 
filter is neglected. In addition, It is assumed that the range designa- 
tion is ideal. Both of these assumptions maximire the effect of the sig- 
nal on the statistics of the CFAR threshold. 

Under the above assumptions, the average CFAR threshold value 
for the designated mode versus the SNR at the output of the presum is 
plotted in Figure 36, where 


SNR 

As expected, at small values of SNR, the effect of the signal 
from the target disappears and the threshold becomes the value correspond- 

ing to noise only. 

Also included in Figure 36 is tht result of the simulation 
reported in [15]. The results of our analysis are normalized in Figure 36 
so that the average threshold value at 0 dB coincides with that in [15]. 

At this time, we have no explanation for the significant dif- 
ference between the exact analytical and the simulation results since 
their target dependence is less, even though we assumed maximum target 

dependence. 

In Figure 37, the normalized standard deviation of the CFAR 
threshold is plotted versus the SNR at the output of the presum. This 


Ill 



Figure 36. Average Threshold Values for Zero Doppler Shift, 

Designated Mode 


v~ 

At ■. , * 


■i JhttMfeafc w'fTi iifr art 


Normalized Standard Deviation of Threshold 
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exact analytical result shows a significant dependence on SNR and a 
negligible dependence on the normalized noise correlation coefficient p. 
For the actual case, we have, as described for the range gates In Fig- 
ure 34, 

p - 2/3. 

Inspection of the plot In Figure 37, however, shows little variation as 
p varies from 0 to 0.7. 

It is worthy to note the substantial variation In the CFAR 
threshold, particularly at large values of SNR where the normalized 
standard deviation Is greater than 0.3. No attempt has been made to 
determine the effects of this variation on the probability of detection. 

On the optimistic side, the threshold setting and the target return are 
correlated; this leads us to conjecture that this variation may not 
appreciably affect the probabil ity of detection. On the pessimistic side, 
there is a substantial variation of the CFAR threshold setting away from 
that developed from the noise-only condition. 
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5.1.4 Derivation of Threshold Mean 

Here we wish to derive the expected value E f T> of the random 
variable T, defined as (see Figures 34 and 35): 


I 1 N-l 

T d c r Z X 

1-1 L -^1 m -0 


(52) 


where the dependence of F on the frequency range I Is explicitly shown 
In (52) and where is a normalizing constant. 

Before we proceed, let us first list the assumptions entailed 
In the following derivations. 

Assumptions 

(1) The in-phase and quadrature-phase components of the sig- 
nal and noise are zero-mean, independent, Gaussian random variables (rv). 

(2) For different RF frequencies, all rv's are independent. 

We can therefore confine our interest to one specific frequency. 

(3) For the same range gate (L) and different time slots (k), 
the noise variables are independent, i.e., 

N R (L,k 1 ) l N R (L,k 2 ) for f k 2 

Nj(L,k 1 ) 1 Nj(L,k 2 ) 


(4) Real and Imaginary parts of either signal or noise are 
always independent, i.e., 

Nr 1 Nj , S R 1 S N . 


(5) For the same k but different gate, the noise components 
are correlated. The covariance matrix is 


R =jcov N r (- 1 ,k) ,Nj (-1 ,k) ,Np (1 ,k) ,Nj(l ,k)^ = o* 


1 0 P 0 

0 1 0 p 
. P 0 1 0 
0 p 0 1 
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Therefore, for different k's, the noise rv's are Independent, regardless 
of the value of t. 

(6) ? or both range gates and all times k associated with one 
RF frequency, the parts of the signal are Identical, l.e., 

S R H.k,) ' S R (-l.k 2 ) ■ S R 0.k 3 ) ' S R (l.k,). 

for every k,,k 2 ,k 3 ,k 4 [0 , M]. Likewise for the Imaginary parts of the 
signal Sj. 

As an Immediate result of assumption (2), the frequency 
dependence can be dropped and T can be written as 


1 N-l 


T = 


C.*I • y y |F(L,m)| 
1 max 


L=-l m*0 

N-l 

1 


y |F(L,m) | 

m*0 

L=-l 

N-l 


C ‘S 

X(m) 

m=0 


and 

we have defined the 


(53) 


X{m) = i F ( - 1 ,m) | + | F(1 ,m) | 


(54) 


In the following, we shall derive the expected value of X(m). From (54), 
it follows that 

E{X (m) } = E{ | F(-l ,m) | } + E{|F(l,m)|} (55) 

and, because of the symmetry existing between the two nates, (54) simpli- 
fies to 

EfX(m)} = 2E( 1 F ( 1 ,m) | } (56) 


It is obvious from (56) and the assumptions made that the first moment 
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(ensemble average) Is not a function of the range gate. Henceforth, we 
will drop the gate-index dependence from the symbols listed before In 
order to simply matters. 

Let us call 

y(m) 4 |F(m)| - + F, 2 (m) ( 57 ) 

so that, from (53), (56) and (57), 

N-l 

E(T} « 2C*^ E{y(m)> ( 58 ) 

m*0 


Since F(m) Is the output of a DFT filter whose Input Is the set 
{ PSI (k ) + jPSQ(k)}, we have that 

F(m) = 2 (PSI(k)+jPSQ(k)}e N 

k=0 

which means that 

N-l 

F R (rn) ■ 2 PS I< k ) cos PSQ(k) sin as* (59a) 

k=0 

N-l 

F,(ni) = £ - ps I(k) sin + ps Q(k ) cos ^ (59b) 

k=0 ' * 


Since PSI(k), PSQ(k) are Gaussian rv's, (both signal and noise are Gaus- 
sian), so are their linear combinations F R (m) and Fj(m), which are also 
zero mean. 

We will need the covariance matrix of {F R (m),F.(m)}. From 
(59a), we have that 






■S&lurjt* 






117 


{f r z (iO} ■ (psl(k) cos + psq(k) sin 


i a' 

N-l N-l 


£ /psi(k) cos + PSQ(k) sin 

I A -A ' 


k*0 t*0 
kj*t 


But 


. ^PSI(t) cos ^jjp- + PSQ(x) sin ^jj^j 


:{pSI 2 (k)} - E{s R 2 (k) + N R 2 (k) + 2S R (k) N R (k)} * a 


2 + or 2 
s n 


and, similarly, 


E{pSQ 2 (k)| = a $ 2 + o 2 


For k i t, 
t{PSI ( k )* PSI (t ) } 


(60) 


(61a) 


(61b) 


= E 


j(S R (k) + N r ( k )) (S r (t) + N r (t))} (Assumption 1) 

= E^S r ( k ) • S r (t)} + E{N R ( k ) N r (t)| (Assumptions 3,6) 
a „ 2 (62a) 


and, similarly. 


E{PSQ(k)* PSQ(i )} * a, 


Also, from Assumption 4, 


.««. •" i~ ii ■»!' V I M&3t in iHT'n Bin 


Ill'll ~ III li r iHHWihii I in 


(62b) 


E{PSI(k)-PSQ(k)} - E{ PSI (k ) * PSQ( t)} = E{PSI (t) PSQ(k)} = 0 (63) 
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Substituting (61), (62), and (63) Into (60) and after some manipulations 
we get ' 


:{F R 2 (m)l 


or 


:{f r 2 w} 


N-l / 

n)‘ S («» 2 


k-0 x 

N-l N-l 


I 2 [cos 

k*0 nf) 

U-t)J 

IV w T V 



N-l 

°p 2 ) * 2 °s 2 

J(N-Ocos^p ( 64 ) 


C-l 

E{F, 2 (m)J is 

easily shown to be the same as 


The corresponding result f 
in (64). 

Before we examine (64) closer, let us calculate the 
covariance term: 


1 N-l 


cross- 


(N-. . 

E{F R (m).F,( m )} = £ (PSI(k) cos ♦ psQ(k) sin 2a* \ 

(k-0 t-0 ' N / 

X ^-PSI(t) sin PSQ(t) cos (Assumption 4) 


■1 N-l 


= E 


( N- . . 

X2(- 

( k =0 t =0 ' 


PSI(k) PSI(t) sin ^cos ^- k 

N N 


+ PSQ(k) PSQ(t) cos sin ^ , 

N N /( 

N-l N-l ') 


= a 


J. S sin x 1 (k " T ) 


S L. N 

k =0 =0 
kfx 


(65) 



I If-ndfc.r — . » mMti M flV 
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We now notice In (65) that, to each term Z m k-t>0 in the double summation, 
there exists a corresponding term -g"T-k<0 which, because of the sine 
function being an odd function, cancels with the former term. Hence, 


E|F R (m)-Fj(m)| ■ 0 , for all me[0,15] 


( 66 ) 


and this holds Independently of N. The covariance matrix of F R (m), 
Fj(m) can now be written as 


A A cov|F R (m),Fj(m)J * N 


A(m)-o s ^ + o n ‘ 


A(m)- cj $ 2 + o n 2 


(67) 


where, from (64) and (67), it follows that 


N-l 


Mi") ■ 1 ♦ 2 2 (1-1) 


cos 

HI C0S N 


C»1 


We will briefly examine A(m). We have that, for m=0. 


( 68 ) 


N-l 

A(0) = 1 + 2 £ (l 
C=1 




1 + 2 


(N-l) - 


N-l 

1 y 


A 


€-1 J 


■ 1 + 2^-1 - - N 4j j^ = N. 


(69) 


To study the case m^O, let us assume that N is divisible by 4. Then, if 
we call c' = N - C, it follows that 


cos 


2nrne* 2um /M 2irm£ 

m = cos -rr (N-c) = cos -n— 


so that (68) reduces to 
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N/2-1 

A(m) = 1+2 ]T cos + cosmn (70) 

5»i 

If we now call c' * N/2-1, it follows that 

cos . cos . (-I) m cos 

so that ( 70) yields 


A (m ) = 1+2 


I (’*(-> I™) cos 

.5-1 


2 


+ cosmir 


(71) 


An immediate conclusion of (71) is that A(m) = 0 for m = odd. For in = even, 
(53) reduces to 


A(m) = 2 


N/4-1 


1 + (-l) m/2 + 2 ]> 


5=1 


cos 


2Ttmg 


(72) 


The above holds for an arbitrary N divisible by 4. In the general case, 
(72) might yield a nonzero value of A(m), which nevertheless will be 
small. However, it is straightforward to show that, if N is a power of 2 
(wnich is almost always the case in practice), A(m) of (72) identically 
vanishes. Below we summarize the conclusion for the covariance matrix A: 


' £ i ifc-iiiiiViWti 'I r fi- .i J 




afo jteaaiiitii MifiriiSat r.t a 
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f 

ft 

\ 


i 


I 

! 


A ■ rov 


{^(nO.FjCm)} 


N 


N 


^s 2 * % 2 0 

0 °s 2+0 n 2 

s n 


v 0 


; m ■ 0 


( 73 ) 


; m f o 


From (73), some useful conclusions can be drawn. First, we notice that 
the noise components at the Input affect all doppler filter outputs, 
while the effect of the signal Is confined to the m«0 doppler filter 
only. Furthermore, the effect of the signal on that term Is enhanced 
by a factor of N as compared to the noise. Hence, for the moderate-to- 
hlgh slgnal-to-nolse ratio (SNR) environment, we can claim that the 
zeroth filter output is produced by the signal only and the other out- 
puts by the noise only. Finally, we notice that, in all cases and for 
every doppler filter output, the real and imaginary parts of the output 
are Independent. This enables us to conclude that y(m) of ( 57 ) is a 
Rayleigh rv with mean 


E{y (m) } = J~j. y(m) 


(74) 


where 


y(m) 


l>V * No r 


4 


N V 


; m = 0 
; m / 0 


(75) 


From (58), (74) and (75), it follows that 


t i 


E{ T } = C^T' 


> 2 “s 2 + *°n * (»-n V No 7 


or 


E { T } = C'N/^iT 


P 77 ?. * 


iajwctrf ... .. .■■-'y jfcjs jjfcit' . .a_i a-. ■ • -.'l j... 1 




(76) 
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or In terms of the signal -to-nolse ratio SNR ■ 



(77) 


Typically, the constant Cj In (1) Is defined as 


C 1 " 2NT 


max 


(78) 


In this case, C ■ ■ 1/2N, and (77) modifies to 

I lUQ X 


E,T1 '-ii 


SNR 




N - 1 

/N 


(79) 


For the specific application considered, N = 16, so that the factor 
1/N 5 0.06 can be neglected for even very moderate SNR (say, SNR^.0 dB). 
In this case, we conclude that E{ T) varies linearly with (SNR)^ 2 . 

A final comment pertains to the values of SNR and o of (79). 
These are the values of the signal-to-noise ratio and noise power at the 
input of the doppler filters. Since an A/D converter precedes these fil- 
ters, the values of these parameters at the input of the A/D converter, 
denoted here by (SNR)^ and o n ^, respectively, relate to the A/D output 
parameters (which are the inputs to the filters) by [14] 


SNR. 

SNR = i — - 
l A/D 

and 


°n = VV L A/D 

where 


(80a) 


(80b) 


L a/d = 1.0129 + 0.0129 • SNR i 


(81) 
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If we Incorporate (80) and (81) Into (79) • m 9®t 



(82) 


which is plotted in Figure 36 for N» 16 as a function of SNR i in dB 
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5.1.5 Derivation of Threshold Standard Deviation 

2 

We evaluate herein the variance Oy of the random variable T, 
as defined In equation (52). 

From (53), It follows that: 


where 



m-1 N-1 N-1 



m«0 m^»0 n^O 


m^ ^2 


(83) 


X(m) « jF R Z (-1,m) + F I Z (-l,m) ♦ J F R 2 (l f m) ♦ F^O.m) (84) 


To simplify matters, we will examine two distinct cases: moderate-to-hlgh 
and low SNR. 


5. 1.5.1 Moderate-to-High SNR 

According to the previous comments of this section, we can justi- 
fiably assume in this case that the zeroth doppler filter output X(0) is 
produced by the signal part of the DFT input only, while all other X(m), 
mfO are produced by noise only. 

5. 1.5. 1.1 Signal Output (m*0) 

e|x 2 {0)| * (from (2))= e|f r 2 (-1 ,0) + Fj 2 (-1 ,0) + F R 2 (1 ,0) + Fj 2 (1 ,0) 

+ 2 F r 2 (-1 ,0) + Fj 2 (-1 ,0)) (f r 2 (1 ,0) + Fj 2 (1 ,0)) | (85) 

Since we have assumed that all random variables appearing in (85) are 
exclusively signal functions, we can further invoke Assumption 6 accord- 
ing to which 


Fr(-I.O) = Fr(1.0) and Fj (-1 ,0) = Fj (1 ,0) . 
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Substituting the above Into (85) yields 

E{X 2 (0)^ - 4e{f r 2 (-1,0)} ♦ AkjF^-I.O)} (86) 

From (73), we have (setting o $ 2 » o n ? ) that 

e{f r 2 (-1,0)} - E{Fj 2 (-1.0)} - N 2 o $ 2 (87) 

so that ( 86 ) and (87) combine to give 

e{x 2 (0)} - 8N 2 o $ 2 (88) 

5. 1.5. 1.2 Noise Outputs (m^O) 

e| **(■)} • e|f„ 2 (- 1 .«) * F, 2 (-1.«0 + F R 2 (l.n>) + Fj 2 n.m) 

+ 2/(f r 2 (*1 ,m) + F, 2 (-1 .m)) ( F R 2 (1 ,m) + F, 2 (l ,(niy | (89) 

Since all random variables are produced by noise, It follows from ( 73 ) 
that 

e{ f r 2 (-T .m)} = E{Fj 2 (l.m)} » e{f r 2 (1 .m)J - e{Fj 2 (1 ,m)} = N ° n 2 ^ o 2 
so that 

e{ X 2 (m)} - 4No n 2 + 2 D (90) 

mfO ' 

where 

0 * E |j[FR 2 (-l,m) + F I Z (-l,m))(F R 2 (l,m) + )) | (91) 

We now proceed to evaluate D. To do this, we need the joint statistics 
of the zero-mean, Gaussian rv's appearing in (91). Let us find the covar 
iance matrix Rof (F R (-l,m), Fj(-l,m), F R (1,m), Fj(l,m)}, m^O. 


Wtt. id • i -jar 
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From (59a), we have that (assuming only noise Input), 

(ffM 


E{F R ‘(-1,m)} • E< 


S (n r (k,-l) cos + N,(k,-1) sin 
k-0 ' 


(because of assumption 4) 

•„* I (cos 2 2- + sin 2 ?-) - No n 
k-0 


2 -o 2 


(92) 


and similarly for the others. 
Furthermore , 


( ) (n-1 n-1 

:|F R (-l,m).F R (l,m)j - ]> (n r (-1, 


k) cos ^jj^+M-l.k) sin 
(k-0 t -0 7 

( N R ( 1 , r ) cos — (p + Njd.t) sin (93) 


2rrmk\ 


which, because of Assumptions 4 and 5, reduces to 


( l ( N_1 

E |F R (-l.m).F R (l,m>| ■= e[2 

* * f k=0 


N R (-l,k)N R (l,k) cos 2 


+ Nj 7 1 ,k)*Nj(1 ,k) sin 2 ppj = N-a^-p -- pa d (94) 
Hence, the covariance matrix Ris 


R - cov|F R (-1,m),F I (-l,m),F R (l,m),F I (l-m)| = 


1 0 
0 


p 0 
1 0 P 
0 1 0 
p 0 1 


(95) 


Comparing (95) and Assumption 5, we draw the interesting conclusion that 
the noise statistics remain unaltered after passing through the complex 
DFT doppler filters. 
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We are now In a position to evaluate D. If we change to 
polar coordinates 


F R (-l.m) - V E cos * E F R (1 ,m) - V L cos * L 

and 

R j ( - 1 ) ■ V E sin $ E Fj(l,m) ■ sin 


(96) 


then (91) is simply written as 


0 = E 


IvM 


(97) 


The joint distribution of the envelopes V £ and V,_, for the four Gaussian 
rv's correlated as In (95), is found from [16.] to be 


o(V, 


V E V L ( V E V L ° Zp I ( «W>) 


(98) 


, for V E ,V L > 0 
, elsewhere 


where I Q (.) is the zeroth-order modified Bessel function. From (97) and 
(98), it follows that 



V 2 V 2 
V E V L 


m 'olTttTT TV e< P 


v e v l ° 2 p 


'on I R I 

If we make the transformation 


a 2 (V c 2 ->V L 2 )| 


R 


2|R 


T7l~ dV E dV L 09) 


| R 1 1/2 

■ lj ~2 — -y-exp (2z } 


V L 2 = -^2 — -y exp {-2z> 


i 
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whose Jacobian Is 


1/2 

Ml " 

a 

and, upon substituting Into ( 99) • we get 


dy • y 2 • dz • 


exp{-y <*osh (2z )}) ( 100) 


The Inner Integral equals Kg(y) [17], where K Q (y) Is the zeroth-order 
modified Hankel function. Therefore, from (100), 


D = I y 2 J 0 (jpy) k Q (y) dy 


( 101 ) 


where we have used the fact that Iq ( n ) = JgUn) (Jg( • ) is the zeroth-order 
Bessel function). 

The integral of (101) can be evaluated. From [18], we find that 


. K (az) J (hr ) - z Y dz 

a p 


= b e . . r ( Pr l pH) . { 1 Y+1 } . a Y * 1 r'Vl) 


' 2 F 1 ( 


e-Y+a+1 . p-y-g+1 


; 3+1 ; - (102) 


where is the Gaussian hypergeometric function [18]. Applying (102) 

for o*0, 6 = 0, y s -2, a = 1 , b = jp, we get from (101) that 

D = • \ • 2 F 1 (3/2; 3/2 ; 1 ;p 2 ) (103) 
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From [18], we find that 


2^, (3/2; 3/2 i 1; p 2 ) ■ {l-p 2 )" 2 -gF 1 (-1/2; -1/2; p 2 ) 

* 0-p 2 )' 2 '[|e(p 2 ) - §<1-p 2 ).!.(p 2 )] (104) 

where k ( - ) and E(-) are the complete elliptic Integrals of the first and 
second kind [19]. 

Upon substitution of (104) Into (103), we find that 

-2 

o 3 ^E(p 2 ) - (1- P 2 ) k(p 2 )] (105) 


From (95), the determinant | R | can be evaluated to be 


R 



n\ 8 (1-p 2 ) 


(106) 


From (105) and (106), we finally get 


D = 




(1-p 2 ) k(p 2 ) 


(107) 


From (90) and (107), we derive that 





2 + 2E(p 2 ) - (1-p 2 ) k( P 2 ) 


(108) 


Equations (88) and (108) yield the result for the first summation in (83). 
The second term (double summation) is now evaluated. 

First let us assume that m^ and none of them equals zero. 

In this case, both X (m^ ) and X (m2) are produced by noise, and from (84) 







infr-to. wlir-MM 
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E<X (m, ) X (m 2 )| - 
^ 0^n^ 2 J | 0 * 



We will now show that all random variables under the same square root are 
mutually independent. To do this, let us evaluate 


, v (n- 1 N-l 0 , 

I ) jr 1 r< / 2TTP!, k 2irm, k \ 

E ) F r( _ 1 * m i > f r(- ] .m 2 )> = O 2 ( N R (-1 ,k) cos — — + Nj (-1 ,k ) sin — ^ — ) 

' “ J (k=0 i-O 


m^m 2 


( 2nm ? r 27Tm,T \ / 

N r (-1,t) cos — j^j — + Nj (-1 ,r ) sin ~1C~J l 


(Assumption 4 ) 

(n-i 


Iv-' o 211m, k 2 TTnuk 

= E 2, N R cos n~~ cos — n~“ 

(k=0 

P 2Trm,k 2nm 9 k / 

+ Nj (-1 ,k ) siri -|jp— sin d 


N ( 


N-l 


f 


2 v 2irk(m,-mJ 
= o_ > cos — 


I 

k=0 


N 


(110) 


For N a power of 2 and m^ ^m 2> it is easy to show that the summation in 
(110) vanishes which in turn means that F R (-l,mi) and F R (-l,m 2 ) are inde- 
pendent. Identically, we show that Fj (-1 ,m ] ) J_Fj(-l ,m 2 ). Similarly, 
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E{f R M.«. ) )'F R (,.vj • 2 cos M 

k-0 


0 . 


Finally by interchanging 1 and we 9 et tbe syetrtc.l results for 

X gates, which Justify our earlier claim that all rv's In (109) are 
Independent. Therefore, V e 


E 


X (nij) X (m 2 ) 
O^nym^O 




= 2trNo 

n 


2 


(in) 


econo assume that m, = a,. mf 0. Because X (0) Is produced by the 
’ * M by the no,se and - to the high SNR assumption, we get 

E|*W X(0)1 = E|X(m)} •£{ X (Q)[ (see (73)) 

n 


^> n z on 


From the N 2 terms involved in (8J). one tern, is given by (88). N-l) ter, 
are given by .08). 2<N-„ terns are given by ( 1 , 2 ) and (N-,).( N . 2) t en 
are given by (111). Summarizing, we get that 


■n = r2. 


¥} ' 


8N 2 0 $ 2 + (N-l)-2No n 2 


+2 (N-7 ) -2ttN/NT o s a n + (N-l ) (N-2) 2nNa n 


2 + 2E(p 2 ) - (1 -p^) k (p 2 ) 
2 


2C 2 N 2 o 2 
n 


4 *SNR + (l - i) [2 + 2E(p 2 ) - (1-p 2 ) K (p 2 ) 


[k ^ /SNR + 0 “it) * (N-2)-n 


(113) 


1 LAu&a* „*a-, i-' M nig ifcrt mar- tr ill flit T TTi 


But from (79), we have that (for 


high SNR) 


E(T> ■ C • N^T 




therefore, 


— 

E 2 {T} * 2C 2 N 2 . o . n SNR + )* + MW- 1).^BT 

L N ^ i 


From (113) and (114), It follows that 
var{T} * o T 2 


= E{T 2 } - E 2 {T} 


= 2C 2 N 2 a n 2 (4-tr) SNR ♦ (l - [2 ♦ 2E(p 2 ) - (]- 0 2 ) K(p 2 ) 

+ C N-2 )tt - (N-1 )irl 


} J 2 * 2C 2 N 2 o p 2 (4 -tt ) SNR + (l -Ij H(p ) 


where 


H< p ) * 2-* + 2E(p 2 ) - (l-„ 2 ) K (p 2 ) ( 

(Moderate-to-high SNR) 

The primary quantity of interest is the ratio <t t /E(T) which, 
. 1 is given bv 


for case 1.1 is given by 


^ [ll V y/(4-») SNR rjTjj 

CN„/S -gIssk * 
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or 



(Moderate-to-high SNR) 


( 116 ) 


5. 1.5. 2 Very Low SNR (or Signal Absent) 

In this case, all the doppler filter outputs are produced by 
noise. If signal is also present (in order for this assumption to be 
valid, even for the m»0 filter), we must have that 


N a 2 « a 2 
s n 


2 

°s 1 
n 


For N = 16, such an inequality is satisfied for SNR in the order of 
-20 dB or less. 

From (108) (which also holds for n« 0 now) and (111) (whl ch is 
now restricted only to m 1 ^m 2 ), we get that 


: |r 2 ) ■ 


•2N 2 a 2 


2 + 2E(p 2 ) - ( 1 -p 2 ) k( P 2 ) 


+ N(N-1 ) 2ttNo 


= 2C 2 N 2 <j 2 
n 


2 + (N-l) + 2E(p 2 ) - (1-p 2 ) K; p ^) 


(117) 


For very low SNR, we have from (79) that 


E { T } = C • /2n • N • /No 2 

\ n 

therefore 


E 2 {T} - 2tt C 2 N 3 o 2 
n 
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and 

var{T> ■ o T 2 ■ 2C 2 N 2 o n 2 [2 + (N-l)n ♦ 2E(p 2 ) - (1-p 2 ) Mp 2 ) - NttJ 


or 

var{T) * 2C 2 N 2 o n 2 • H(p) (118) 

where H(p) has been defined in (115). The ratio o T /E{T) for this case 
(2.0) is found to be 

o.|. v'ZN c o n »n(p) 

fl 'C-N^-o n 


or 



(Very low SNR) 


(119) 


independent of the SNR, as expected. The ratios of (118) and (119) have 
been plotted in Figure 37 for various values of p. The function H(p) 
depends on the complete elliptic integrals E(p 2 ) and K(p ), which have 
been tabulated for different values of the argument p [19]. In Table 2 V 
we give some values of H(p) as a function of p. 

















5.2 
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Degradation of Shuttle Radar Performance due to Pejorativ e 
Antenna Scan Dverla'p 

5.2.1 Introduction 

Stability considerations of the deployed assembly (DA) fixed base 
on the Shuttle may cause the antenna scan overlap to fall below the rec- 
ommended value for off-zenith-centered scans. A lower antenna scan over- 
lap will cause a lower antenna gain and can lead to shorter target dwell 
times. This will cause a corresponding decrease In the probability of 
target detection when the worst-case detection scenario 1 r considered, 
l.e., detection In the center of the overlap region. 

This section will present the relationship between the antenna 
overlap, dwell time and antenna gain, and their effects on the received 
target slgnal-to-nolse ratio (SNR) and resulting probabilities of 
detection. 

c .2.2 Target Dwell Time Considerations 

The target dwell time Is a function of the total allowed scan 
time, the scan frequency and the antenna overlap between consecutive 
scans. The spiral scan geometry is shown in Figure 38 Including the 
antenna overlap region. It should be observed that the overlap region 
and, consequently, the chord corresponding to the dwell time are defined 
in terms of the null-to-null beamwidth, e n , instead of the half-power 
beamwidth, e^. This has been done to account for the possibility of over- 
lap below the 3 dB point. 

Following the procedure outlined in [20], the dwell time, t<j, for 
a hybrid spiral scan is given by 

. T sVo 0-4>*e 0 jW, M 2 

d " r 6 

L e m * T (1 " A) . 

where T s = total scan tine = 60 sec 

0 n = null-to-null beamwidth = 2.08° 

= antenna chord sweeping across the target 
a = antenna overlap with respect to 0 n 

f g = scan frequency = 2 Hz 

e = maximum scan limit = 30° 
m 
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Elevation 

L Azimuth 



0 n = null-to-null beamwidth 
0g = 3 dB beamwidth 
A = percentage overlap 


Figure 38. Geometry of Spiral Scan, Including Overlap 








& 




A high target dwell time Is desirable since It Increases the 
received target energy. However, It should be noted that the dwell time 
In this case Is constrained by the total scan time allowed} too high an 
antenna overlap precludes completing the volume to be scanned and Is 
physically Impossible. A graph of the dwell time Is given In Figure 39 as 
a function of the antenna overlap. As expected, the time on target Is 
equal to zero when no overlap occurs. Maximization of the dwell time. 
Ignoring related effects such as antenna gain. Is seen at a scan overlap 
of 25-30% when measured with respect to the null-to-null beamwldth. 

5.2.3 Calculation of Peak Antenna Loss 

Since the worst-case detection will occur In the center of the 
overlap region at some point down the antenna malnlobe, a loss must be 
computed to account for the degraded peak antenna gain Illuminating the 
target. This is not the same as the beamshape loss, which Is Incurred as 
the beam sweeps across the target and Is Included In the system loss 
budget. 

For small values of off-boreslght antenna angles and excluding the 
sldelobes, the antenna malnlobe weighting function may be approximated by 



where 0 3 angle off-boreslght = (l-A)e n /2 
e B = 3 dB beamwldth = 1.6° 

0 n - nu'll-to-null beamwldth = 2.08° 

For a = 1, corresponding to complete overlap or the on-boresight case, the 
weighting function is equal to one and the mainlobe is fully weighted. 

As the scan overlap moves away from the center of the beam, the antenna 
gain is weighted less. A revised value of the antenna peak can be found 
as a function of the scan overlap, A. A plot of this modified peak gain 
is given in Figure 40. As noted above, instances when a= 0.7 or higher are 
physically unrealizable and are shown as limiting cases only. 


Target Dwe 



Antenna Scan Overlap, 


u> 


|||*g 


Figure 39. Target Dwell Time as a Function of Antenna Scan Overlap 



Weighting Factor u(a) of Peak Mainlote Antenna Gain 
[Peak Antenna Gain = Gw(a)] 



•Ck 

o 


Figure 40. Weighting Factor of Peak Mainlobe Gain as a Function of Scan Overlap 
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5.2.4 Pulsewldth and Pulse Repetition Frequency (FRF) 

The pulse duration, t, of the RF pulse and the PRF are functions 
of the designated range to target In the Shuttle Ku-band radar. These 
signal parameters are summarized according to range In Table 3. 

Table 3. Radar Pulsewldth and PRF as a Function of Target Range 


Range to Target, mil r(usec) PRF (Hz) 


7.2 + 

66.4 

2987 

3.8 - 7.2 

33.2 

6970 

1.9 - 3.8 

16.6 

6970 

0.95 - 1.9 

8.3 

6970 

0.42 - 0.95 

4.15 

6970 

- 0.42 

0.122 

6970 


5.2.5 Calculation of Average SNR 


The average SNR, including coherent integration, is found from 
the radar equation In tht following form. The effects of the variable 
scan overlap are included implicitly via the target dwell time and the 
peak antenna gain loss, Lg. 

P t PRF t , G 2 x 2 a 

SNR = -E (122) 

( 4ir ) 3 R 4 kT i LLg 


where 


P 

G 

,2 


a 


peak transmitter power « 60W 
antenna gain = 38.5 dB 
transmitted wavelength = 0.216 m 

2 

average target cross section = 1 m 


R ■ range to target 

k ■ Boltzmann's constant ■ 1.38 x 10" 23 J/°K 
« system noise temperature - 1500°K 
L - system losses " 13.88 dB 
Lg * loss In peak antenna gain 

and all other parameters were defined previously. 

5.2.6 Probability of Target Detection 

Frequency agility, using five RF frequencies, has been used in 
both the search and track modes of the radar to minimize target scintil- 
lation effects. Therefore, the target is modeled assuming Swerling II 
scintillation statistics, l.e., a fast fluctuating target. The single- 
scan probability of detection for this case is given by 


= 1 

where is the receiver bias level, N is the number of pulses integrated 
noncoherently and I C * 3 refers to the incomplete gamma function. 

Radar performance Is judged by the probability of detection over 
two scans. This cumulative probability can be approximated by 

P « ■ '-< , - p ss> 2 = 2P ss- p ss 2 (1-5) 

if it is assumed that the target range between scans has not changed 
appreciably. Figure 41 shows the cumulative for different scan over- 
laps, measured with respect to the antenna 3 dB beamwidth. For example, 

A 3 0.3 means that the beam overlap is 30% higher than the half-power beam- 
width point, with a probability of detection on one of two scans equal to 
0. 76 at 10 nmi . 


Y b /(1 + SNR) 
( x ^ 1 e ” x 

' J Tn-ITi 


0 

I 


yTC (1 + W) 


, N - 1 


(123) 


(124) 


(Probability of Detect i 


■ > 



Figure 41. Probability of Target Detection, Servo Bandwidth - 2 Hz. 


5.2.7 Conclusions 

Maximum target energy Is received when the antenna scan overlap 
Is approximately 45% when measured with respect to the half-power beam- 
width. This compares reasonably with the commonly accepted value of 30% 
when the approximate nature of the antenna malnlobe model Is considered. 
Probability of detection decreases with lower values of scan overlap until 
zero detection Is "achieved" with no overlap. These results should be 
considered when deciding which values of scan overlap are tolerable. 
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6.0 EVALUATION OF KU-BAND SPA ANO EA-1 SOFTWARE 

6.1 Introduction 

This report covers Task No. 2 of Axlomatlx contract number 
NAS 9-15795A. Task No. 2 Is an evaluation of the Ku-band SPA and EA1 
software. This report addresses the EA1 software only as no ^cumenta- 
tlon has been made available by HAC on the SPA software. The intent of 
this task is to augment the HAC documentation and provide a clearer 
understanding of the software algorithms and programing techniques as 
well as provide recommendations for improved efficiency and reliability. 

The Initial phase of this effort entailed a detailed study of 
HAC documentation, primarily References 21 and 22. Additionally, Refer- 
ence 23 was needed to correlate software input/output flags and commands 
with hardware response. Understanding of the software was hampered by 
the lack of a cross-reference listing of variables, particularly flags 
used to transfer status between software routines. As part of the task 
retirement to augment the HAC documentation as well as facilitate our 
own understanding of the software, a cross-reference table of inter- 
routine flags has been generated. After the famil iarization phase, 
the software was examined for potential problem areas and possible sub- 
optimal coding techniques. A bug was discovered in the procedure ter- 
mination routine and the technique used to store status flags is not as 
efficient as possible, from both the standpoints of memory usage and 
processing time. Self-test routines were examined with the indent of 
providing a more detailed description of MOM and D&C outputs. 

6.1.1 Summary 

A minor bug has been found in the procedure termination rou- 
tine, SWTCH. The alpha and beta position loop integrators are not 
zeroed, as is claimed. Rather, they are loaded with hex 6060. The fix 
is to insert an LDI :00 after the LOADR SI, BINTGR+1 at location 0932. 

In section 6.2, we have generated a cross-reference table of 
status flags. This should aid in tracing the functional activity of 
software modules, as a description of where a flag is used, set or 
reset indicates how routines interact. Reconfiguration is one of the 
more complex executive functions. An example of a reconfiguration is 
presented in section 6.3, with a block diagram to indicate the critical 
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paths. In section 6.4, we dissect the self-test tasks and Include a 
series of tables which give the MOM outputs after each task as a function 
of pass or fall. These tables are more detailed than those In [22]. 

The techniques used to store flags and status Information, e.g., 
storage of up to eight bits per word, requires that each access strip the 
flag from the word. This means that extra memory and time Is required 
for each access. In section 6.5, we /resent an alterate technique for 
flag storage. Memory usage and processing time are not critical yet, but 
proposed changes to the software to accommodate feed-forward may require 
more stringent optimization. 
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6.2 Flag Cross-Reference Table 

6.2.1 Introduction 

Table 4 lists flags, or status bits, which carry Information 
between software routines or between software and external hardware. The 
flags are listed alphabetically, followed by the module number, as defined 
In [21] and Table 5, and the section within a module where the flag is 
accessed. A letter following the module and section number Indicates 
the action which Is taken with the flag. A flag can be tested (T), set 
(S), reset ( R ) or toggled (X). A combination of letters indicates sev- 
eral actions being taken, in the order given. However, If a flag Is 
acted upon several times within one module, only the first of each type 
Is listed. For example, the entry 

DETECT 12.6.S.R 20.1:T 

indicates that DETECT is set and reset in module 12.6, the set status 
flag routine, and tested in module 20.1, the self-test task 7. Local 
flags, e.g., flags used within one routine, are not listed. Those flags 
which are set by hardware input or used to output status information are 
appended with the name of the appropriate input/outpuc word. These names 
are indications of the function: 0MDM1 is MDM output word 1 , and PIW1 is 
parallel input word 1 . 


Table 4. Flag Cross-References 


ACQEN 3.1:R,S 

ACQINH 12.6:S,R 13.4:T 

ANGTRK 01 RADI } 3.1 :T 18.5:T 20.1 :T 
ASTOP 2.5:T,S,R 14.1 :T 

AT I ME 2. 1 :T,S 


ATTEN1 ( P0W5 ) 
ATTEN2 (P0W5) 
AUTO (PIW1) 
BOOM (PIW4) 
BSTOP 
BTIME 

COASTA (PIW2) 
COMON (PIW4) 
COMSTB (PIW4) 
CTIME 
DATAGO 

DATAP (PIW2) 
OATEST 
DETECT 
DOPOS 

DOWN (PIW3) 

DPLYF 

DWELL 

EAST ( IMDM1 ) 

EBW2 

EBW3 

F DW1 

EDW? 

EDW3 

EVEODD 

EVW1 

E1TEST 

E2TEST 

FAST ( PIW3) 

FSTSLO 


*,r mi > 


2. 3:R 1 8 . 5 : R 19. 3:R 20. 1 :R 21 .1 sS 
2. 3:R 18. 5:R 19. 3:R 20. 1 :R 21 . 1 :R 

3.1 :T, 5.1 : T 1 2 . 3 : T 12.6:T 1 3. 1 :T 13.4:T 

3.1 :T 

2.5:T,R,S 14. 1 :T 
2.5:T,S 
3.1 :T 1 2 . 6 : T 

3.1 :T 1 2 . 6 : T 
3. 1 :T 1 2 . 6 : T 
2. 3:R 16.2:R,T,S 
12.6:S,R 13.1 : T 
12.6:T 1 3.4 :T 

2. 3:R 13.1 :T 18. 1 :R 21.1:S,T 
12. 5:S,R 13.1 :T 20.1 :T 
1 .4:T 18.1 : R 19.1 :S,R 19.2:R,S 2 

15.1 :T 

1 . 2 :T 14.1 :R 15.3:S 
5.1 :S,R 6. 2 :T 
3.1 : T 

0.1 :T 2.1 :S 3.1 :S 
0.1 :T 2.1 :S 3.1 :S 

3.1 :S,T 
2. 3:T 3.1 :S 
2. 3 :R 3.1 :R,S,T 
0.1 :R,T 0.2:R 2.5:X 15.2:T 
0.1 : T 0. 2 :S 2.1 :S 3.1 :S 
2. 3:R 13.1 :T 18.1 :R 21 .1 :S,T 
2. 3:R 13.1 :T 18.1 :R 21 .1 :S,T 
15.1 :T 

3.1 :T 1 2 . 0 : T 1 3.4 :T 15.1 :S,R 


Jfa&iUMir-ii ti uAtr - -m ■'ti'gt .war- ■ i.' i f nM 




Table 4. Flag Cross-References (Cont'd) 


GAIN3 

6PCACQ (PIW1) 

GPCOES (PIW1) 

GPCLS 

INCDEC 

INIT 

INSTAB 

KOUNTL 

LAMP 

LATCH (PIW2) 
LEFT (PIW3) 
LINEAR (POW1) 
MAIN 
MAMINI 

MANUAL (PIW1) 
MCOMP 
MFIRST 
MINI ST 

MI N 1 2 (IRAD2) 
MODE 

MOTON ( P0W4 ) 
NEWA (PIW4) 
NEWB (PIW4) 
NEWMDM (PIW1) 
OPER (PIW2) 
OUTFLG 

PFLAG 
PNTTRK 
PSON (POW1) 
PTIME 

RADACT (PIW1) 
RADCOM 

RADON (PIWI) 


12.1 :R,S 

3. 1 :T 7. 2 : T 12.3:T 12.6:T 13. 1 :T 13.4 :T 
1.2:S 3.1 :T 7.2:T 12. 3:T 12.6:T 13.1 :T 13.4:T 
12. 3:T 

5. 1 :R,T,S 6.1 :T 
0 . 2 : S 2.1 :S,R 3. 1 :T 

1.2:R 2. 3:R 7. 1 :T 7 . 4 :T 1 2. 3 :R 19.1 :R 19.2 :R 
5. 1 :S,T 

18.1 : R 21 .1 : S 21 . 3:T 
3.1 :T,R 1 2. 5:R 
15.1 :T 
1 2 . 5 : R ,S 
13.4:R,T 

5.1 :T ,S,R 13.4.-T 

2.6:T 

2. 3:R 

1.4:T 2.1 :T,S 3.1 :R.S 5. 1 :T 14.1 :T 1 *> . 1 : T 16.2 :T 
0.8:T 2. 3:R 3. 1 :S 5.1 :T,R 

5.1 :T 

0.2:S 2.1 :T 3.1 :T,S 

2.2:R 2. 3:S 14.1 .S,R 19.3:R 20.1 :R 

13.1 : T 14.1 :T 

13.1 : T 14.1 : T 

0.1 :T 0. 3 :T 0.4:1 3.1 :T 7.1 :T 
13.1 : T 19. 3 : T 

1 . 4 : T , R 2 . 3 : R 18.1 :S 18.4:S 18. 5 :S 19.1 :S 19.2:S 19.3:S 
20.1 : S 21.1 :S 

7.1 :R,S 7.2:T 7.3:T,S 

2.1 :S 3.1 :S,R 

2. 1 :S 3. 1 :R 

2.3:R 3.1 :T,S 

12. 5:T 1 3.4 :T 

1.1:T 3. 1 :T 5 . 1 :T 12.5:1 12.6:S,R,T 13.1 :T 1 3. 3 :T 1 3.4 :T 
16.2:T 

3.1 :T 12.6.-T 


■fMt] rtiht inffJifii i 


i W m ntv.- •imoauLtit- 
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Table 4. Flag Cross-References (Cont'd) 


RADSTB (PIW4) 3.1 :T 12. 6 :T 
RDETCT (IRAD2) 12.6:T 

R6000 ( I RADI } 13.1 : T 18.5:T,S 19. 3:R 20. 1 :T 22.1 :R 

RIGHT (PIW3) 15.1 :T 
ROPER (IRA01) 1 8 . 4 : T 


RRGOOD ( I RADI ) 13.1 :T 18.5:T,S 19.3:R 20.1 :T 22.1 


:R 


RTRACK (IRAD2) 

12.6:T 

SCANNG 

2.3:R 3.1 :T 5.1:T,S,R 13.1 :T 13.4:T 21 . 3 :S 

SCANRC 

5.1 :T,R,S 6. 2:T 

SCWARN 

2 . 4 : R 4.2:R,S 1 3. 1 :T 21 . 3 :S 

SELF 

2. 3 : R 13.1 :T 18.1 : S 

SI GEN ( P0W5 ) 

2. 3:R 18.2:S 1 8. 5 :S 19.3:R 20. 1 :S 21.1:S 

SIGNAL 

12.6:R,S,T 13.4:T 

SIGPC ( IMDM1 ) 

3. 1 :T 

SI MAN (PIW2) 

3.1 :T 

SKEY (PIW3) 

11.6:T 1 5. 3:T 

SLEINT 

15.1 : S 15.2:T,R 

SLEWNG 

2.3:R 3.1 :T 7.1 :T 1 2. 3:T 12.6.-T 1 3.4 :T 15.1 :S.T,R 

SLOW (PIW3) 

15.1 :T 

STCON 1 (P0W5) 

2. 3:R 18. 5 : R 1 9. 3 :S 20.1 :R 21 .1 :R,S 

STC0N2 (P0W5) 

2. 3:R 1 8. 5 : S ,R 1 9. 3:S 20.1:S 21 . 1 :S,R 

STC0N3 ( P0W5 ) 

2.3:R 1 8. 5 :S 19.3:S 20.1 :S 21 . 1 :S 

STC0N4 (P0W5) 

2. 3:R 18.5.-R 19. 3:R 20. 1 : R 21 . 1 : R 

STEST ( IMDM1 ) 

3.1 :T 

STON (P0W5) 

2. 3:R 18. 5:S 19.3:S 20.1 :S 21 .1 :S 

STOWM (P0W3) 

2.1 :R 14.1 :R,S 

STUNST 

3.1 :S,R 14.1 : T 

STWAIT 

2.3:R 18.1 :S 18.S:T 18. 5 :S 19.1 :S 19.2-.S 1 9. 3:S 20 
21.1.-S 22.1 :R 

SYSTST 

2. 3 : R 13.1 :T 18.1 :R 21 .1 :S 

TARGET 

2. 3:R 1 8 . 4 : T 18.1 :S 19. 3:R 20.1 :S,R 

TDEAST 

3.1 :T,S,R 13.1 :T 13.4:T 

TDWEST 

3. 1 :R,T,S 13.1 : T 13.4:T 

TIMOUT 

2. 3:R 3.1 :T,S,R 5.1:T 


S 


Table 4. Flag Cross-References (Cont'd) 
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TRACK 

TRKING 

UNLOCK (POW3) 
UNSTOD 
UP (PIW3) 
WAITF 

WEST ( IMDM1 ) 
XMIT (PIW4) 
ZERD1S 
ZONE I 
ZONEO 


12. 6:S ,R 13.1 :T 20.1:T 21.1 :T 21.3:S 
2.3:R 3. 1 :T 12.6:T 16.2:S 
1 4 . 1 : S 1 5 . 3 : R 

3. 1 :T 14.1 : T 
15.1 : T 

0.1 :T,R 0.2:S 2.5:S 

3.1 :T 

3.1 :T 

2.1;S 2 . 2 : S 2.3:R 1 3. 1 :T 

3.1:T 5. 1 : R 7.2:S,R 12. 3:T 15.3:T 19.1:R,T 19.2 ;R,T 22.1 rR 
3-1 :T 7.2:S,R 1 2 . 6 : T 15.3:R,S 
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Table 5. Software Module Index 


0.1 

INTERRUPT/EXEC RTN 

0.2 

POWER UP RTN 

0.3 

INITIALIZE PROC 

0.4 

POINT PROC 

0.5 

IDLE PROC 

0.6 

PROC TERM PROC 

0.7 

SLEW PROC 

0.8 

SCAN PROC 

1.1 

TRACK PROC 

1.2 

DEPLOY PROC 

1.3 

RECOVER PROC 

1.4 

SELF TEST PROC 

2.1 

INITIALIZE ROUTINE 

2.2 

IDLE ROUTINE 

2.3 

PROC TERM ROUTINE 

2.4 

OUTPUT STATUS ROUTINE 

2.5 

WAIT ROUTINE 

3.1 

CONFIGURE ROUTINE 

4.1 

ANGLE RATE XFORM 

4.2 

OBSCURATION CALC 

5.1 

SCAN1 ROUTINE 

6.1 

SCAN2 ROUTINE 

6.2 

SCAN3 ROUTINE 

6.3 

SCAN4 ROUTINE 

7.1 

POSITION LOOP, MODI 

7.2 

PCS ITT ON LOOP, MOD 2 

7.3 

POSITION LOOP, MOD 3 

7.4 

POSITION LOOP, MOD 4 

11.6 

SHORT SHUTTLE TO GIMBAL TRANSFORM 

12.1 

ENCODER ROUTINE 

12.2 

ANALOG ROUTINE 

12.3 

INERT ROUTINE 

12.4 

INPUT DISCRETE ROUTINE 

12.5 

OUTPUT DISCRETE ROUTINE 

12.6 

SET STATUS FLAGS ROUTINE 

13.1 

MDM/D&C OU' PUT ROUTINE 

13.3 

INPUT LRU SERIAL ROUTINE 

13.4 

OUTPUT 1 RU SERIAL ROUTINE 

14.1 

DEPLOY ROUTINE 

15.1 

SLEW GENERATION ROUTINE 

15.2 

SLEW INTERPOLATION ROUTINE 

15.3 

DEPLOY ROUTINE 


1A. 




VTim 


Table 5. Software Module Index (Cont'd) 


16.2 

18.1 

18.2 

18.3 

18.4 

18.5 

19.1 

19.2 

19.3 

20.1 

21.1 

21.2 

21.3 

22.1 


TRACK ROUTINE 

SELF TEST INITIALIZATION ROUTINE 
SELF TEST SEQUENCER 
SELF TEST TASK2 CPU 
SELF TEST TASK3 POWER FORM 
SELF TEST TASK8 ANGLE TRACK 

SELF TEST TASK4 INITIALIZE ANTENNA 

SELF TEST TASKS ANTENNA SERVO 

SELF TEST TASK6 TRANSMITTER POWER CHECK 

SELF TEST TASK7 RANGE AND RANGE RATE CHECK 

SELF TEST TASK9 RECEIVER SENSITIVITY CHECK 
SELF TEST TASK10 COMPILE TEST RESULTS 
SELF TEST TASK11 LAMP TEST 


SELF TEST PAUSE ROUTINE 
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6.3 Example of Reconfiguration 

6.3.1 Introduction 

In order to facilitate an understanding of the software and to 
bridge the gap between the HAC-supplIed listing and block diagrams, a 
hybrid block diagram, Figure 42, was generated to provide an example of 
a reconfiguration. Reconfiguration Is probably the most complex of the 
executive functions, and an understanding of this function will aid in 
understanding the executive structure. 

For purposes of the example, a reconfiguration from IDLE to 
SELF TEST Is illustrated. Four Interrupt cycles are covered which 
demonstrate the function of the termination procedure and the initiali- 
zation routine for self-test. Each interrupt cycle is a separate diagram. 
Each block is labeled with the absolute hexadecimal address of the routine 
in ROM and contains descriptive text as to the function to be performed. 
Action on variables or flags is underlined in the blocks. Blocks are 
grouped within modules in order to ease cross-referencing with the soft- 
ware listing. 

6.3.2 Description of Reconfiguration 

Initially, ,n the IDLE routine, executive data word 1 equals 
MIDLE (=2), executive bra zb word 1 (EBW1) = 12, EBW2 = 15 and EBW3 = 18. 
The latter are the absolute memory locations of the long branches to the 
0.1-second sequence, the even and odd sequences of the idle procedure. 

The 0.1 -second sequence tests the even/odd flag, EVEODD, branches to 
EVEN, executes INDIS (input discrete), executes MSDIN (input MDM), then 
executes CONF, the configure routine on module 3. The configure routine 
tests the status flags, notes that STEST is set, and sets EDW1 = MSELF. 
Configure then notes that MODE is not equal to EDW1 ; hence, a new pro- 
cedure is to be initiated. Since the current mode is not the termination 
procedure, MODE and EDW4 are set to 8 to indicate that the termination 
procedure is to be executed, MFIRST ^s set to 3 for the first pass through 
and EBW1 is set to 51, EBW2 to 54 and EBW3 to 57. 

After configure, the executive takes the even leg of the pro- 
cedure, which is now the termination procedure, MTRM2. This procedure 
executes TRS2G, the Shuttle-to-gimbal transform, then executes the 
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termination routine, MTERMR , which sets EDW3 equal to 0, and returns to 
the procedure. The termination procedure outputs discrete data, then 
executes WAIT, which toggles the even/odd flag to odd and idles for the 
next interrupt. 

During the next interrupt, the executive branches to the ter- 
mination procedure odd leg, which executes TRG2S, transform gimbal-to- 
Shuttle, executes MSDOUT, MDM output, and finally executes WAIT, which 
toggles the even/odd flag back to even. 

During the third interrupt, the self -test procedure is executed 
for the first time. Configure tests EDW1 and MODE for equality. Since 
they are not equal and the current MODE is 8, the termination procedure, 
configure again sets MFIRST, the first pass flag, to 1 and configures for 
self-test by setting the executive branch words. Upon return to the 
executive, a long branch to the even leg of the self-test procedure is 
executed. The self-test initialization is rather busy. With MFIRST 
equal to STST2 executes self-test Initializati'.n, ST I NIT , which does 
a long branch to BEGIN. Various flags and buffers are initialized, 
including the step counter, STPCNT, and LAMP. BEGIN returns to the self- 
test procedure which inputs LRU serial data, then executes the self-test 
task sequences. With STWAIT equal to 1 and STPCNT equal to 0, a ten- 
second pause is initiated and WAIT is executed. 

Finally, the fourth interrupt results in the execution of the 
odd leg of the self-test procedure. After the gimbal-to-Shuttle trans- 
form, task 11 is executed. Since LAMP was initialized to 0, the D&C 
lamps are not lit. Task 11 returns to the odd leg of the self-test pro- 
cedure, which outputs discrete, outputs LRU serial, and outputs MDM data 
since OUTFLG was set to 1 by STINIT. WAIT is executed and the even/odd 
cycle repeats. A more detailed discussion of the self-test routines is 
covered in the next section. 








*' ftMmr i - I Inn . . . 






MODULE I 


INTERRUPT 


MODULE I 


MODULE 2 


MODULE 3 


003 


LBR INTR 


008B 


ENABLE INTERRUPT, 
BR EX2 


D-EBW1 BR EXBRAN 


008A 


PCC.O - D (-12) 


LBR IDL1 


G1D 


LBR EVODD 


006C 


LBR EO 


00E4 


EXEC INDIS 

Exe? m§diR 
Exe? c5nf 


rl 

LBR CNFG 

i 

1 

. 


OC03 



TEST 1NIT 

CO) 

TEST BOOM 

(-0) 

TEST COMON 

(-0) 

TEST RADON 

(-1) 

TEST XMIT 

(-1) 

TEST UNSTOD 

(-1) 

TEST STEST 

Cl) 

TEST RADCOM 

(-1) 

LBR CSELF 


0E57 


EDW1 - MSELF - 9 


BR C7000 


EDW2 - MODE (-2 


TEST MODE-EDWj (NO' 
BR C7010 


010F 


D-EBW2 , BR EXBRAN 


PCO. 0-D (-54 ) 


057 


LBR MTRM2 


0219 


EXEC TRS2G 


EXEC MTERMR 


0806 


LBR SWTCH 


OSAO 


0227 


EXEC_ outdi s__ 
EXEC WAIT 


080C 


LBR WAITR 


0988 


TOGGLE EVEODD 


INITIAL CONDITIONS: 


EDW1 - MIDLE - MODE - EDW2 - 2, 
EBW1 - 12, EBW2 - 15, EBW3 - 18 
EVEODD - (J (EVEN) 


Figure 42. 0.1-Second Interrupt; Configure from Idle to Self-Test 

























































































SET BUFF14 
TO COUNT 
50 0.2 SEC 
INTERRUPTS 
RETURN 


Figure 42. (Cont'd) 




























































_ EXEC OUTDI?^ 
Exrc LSDorr, 


TEST OUTFLG (-1), 
EXEC MSDOUT 


TEST LAMP (-0) , 
RETURN 


RESET OUTFLC 
EXEC WAIT 


figure 42. (Cont'd) 
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6.4 Self-Test Tasks 

6.4.1 Introduction 

Operation of the self-test portion of the EA-1 software Is 
examined with emphasis on the outputs generated at the completion of 
each self-test task. The intent Is to provide a referer.ee to augment 
the HAC description of the outputs, as well as a guide to modification 
of the software, should It be considered desirable to change the output 
format. As an example, the present implementation does not provide an 
unambiguous indication as to which task Is currently In progress during 
self-test. This would be changed by modification of a few memory loca- 
tions, as described in subsequent paragraphs. 

Self-test tasks are discussed in chronological order, with 
key routines and parameters referenced to their absolute memory loca- 
tions. MDM outputs are summarized at the conclusion of this section in 
Tables 7 through 14. 

The self-test routines make extensive use of macros specific 
to self-test. These macros are explicitly defined in the self-test por- 
tion of [21]. Macro CONFIG A,B loads parallel input word one (PIW1), 
bits 4 through 8 , with the value A and bits 1 through 5 and 7 with the 
value B. Macro RANGA,B,C loads values A,B,C into EA2 serial input words 
IRAD3 , 1RAD4 and IRAD5. Similarly, RANGRT A.B loads A and B into IRAD6 
and IRAD7. These two macros allow the software to output specified val- 
ues of the range and range rate to the MDM's and D&C using the MDM output 
routine, MDMO (340F), which transfers data from the EA2 input to the MDM 
and D&C output registers. ANGRTE A,B,C,D transfers the specified data 
to the MDM output registers CMDM17 through 0MDM20 in order to force dis- 
play of angle rates. Macro POSIT A,B,C,D tores the data A-D in IMDM3 
through IMDM6, the MDM input registers. This allows the software to 
position the antenna to roll specified by A.B and pitch specified by C 
and D, overriding angle designates read in from the MDM's. Macro DAVOLT 
A,B outputs A and B to the digital-to-analog converter. This voltage is 
used by the self-test multiplexer/comparator to determine if specified 
signals exceed the voltage threshold. Macro ANDATA A,B,C,D is similar 
in that it loads A and B into the analog output registers ADAM and ADAL 
for setting the alpha axis rates and C and D into BDAM and BDAL to set 
the beta axis rates. Actual output is done using the subroutine ANALOG, 
also called SERVO, at location 3084. 
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The self-test MUX selects one of four analog Inputs, as defined 
In Table 6 , and compares the voltage with the output of the alpha axis 
rate 0/A converter. During this test, the motors are turned off. The 
difference of the two analog voltages Is sent to the processors event 
flag, EF3, for test. 

In general terms, each self-test task uses a sequence counter, 
SEQUEN, zeroed by the previous task, to govern which phase of the task 
to execute. Typically, with SEQUEN equal to 0, the task Initializes 
Itself and sets a flag, STWAIT, to pause 10 seconds for display of MOM 
and D&C output from the last sequence of the prior task. 

All self-test tasks, with the exception of the lamp test, are 
executed during the even cycle of the self-test procedure. The first 
pass through the self-test procedure (MFIRST = 1 ) will result In the exe- 
cution of the initialization routine. This Is entereu via 


0570 EXEC PC1.STINIT 

4800 LBR BEGIN 

4812 BEGIN L0ADR I0P.CW4 . 

BEGIN, the initialization routine for the self-test procedure, resets 
RAM WA10, WA11 and sets various flags: 


SELF = 1 
TARGET = 1 
DA TEST = 0 
E2TEST = 0 
E1TEST = 0 
SYSTST = 0 
STWAIT = 1 
OUTFLG = 1 


indicate in self-test 
turn on test target 
reset status flags 


set for 10-sec pause 
set to output MOM. 


The self- test task sequencer, TASKSQ, uses the variable STPCNT to con- 
trol the sequence of self^test routines. STPCNT is reset to 0 by virtue 
of being located in WA10. BEGIN returns to the self-test procedure via 

SET PC0. 


The self-test tasks are entered via 

057E EXEC PCI ,STTASK 

4803 LBR TASKSQ 

4834 TASKSQ SETT IOP.SIGEN. 

Initially, with STWAIT set, TASKSQ branches to PAUSE, which implements 
a 10-sec wait. At the conclusion of 10 seconds, PAUSE resets STWAIT to 
enable the first self-test routine. During the final pass through PAUSE, 
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STPCNT Is tested and the routine branches to INITST (location 5846), 
which Initializes the MDM output. Data-good flags are reset and MDM 
words are set as follows: 

RANG (range) set to all 1's 
RANGRT (range rate) set to all l's 

ANGRTE (angle rate) set to 0's. 

Values of the angles are not modified by INITST. 

During the first pass through the odd leg of the self-test 
procedure, MDM output Is Initiated since QUTFLG had been Initialized 
to 1. 

6.4.2 Tasks 1 and 2 

At the conclusion of the first 10-sec pause, TASKSQ tests 
STPCNT (=0) and branches to TSKCPU, 

484E LBZ TSKCPU 

5800 LBR TASK! 

6806 TASK1 10ADR TO, STPCNT 

Task 1, the CPU self-test, has been eliminated. The net 

effect of TASK! is to set STPCNT equal to 1 and return. Thus, during 

the next pass through the even leg of the self-test procedure, TASKSQ 

will branch to TSKPCS, the PROM self-test, 

4854 LBA TSKPCS 

4809 LBR TASK2 

489C TASK2 L0ADRS IOP.SEQUEN. 

At the conclusion of the PROM test, the PROM check sum flag is set and 

STPCNT is set to 2 (task 3) if the test is successful. Otherwise, the 

flag is reset, STPCNT is set to go to tack 10, and self-test will be pre- 
maturely terminated. New MDM output is not initiated after PROM test. 


6.4.3 Task 3 


During the next pass through the even leg of the self-test pro- 
cedure, the EA2 power form task is executed: 

484A LBA TSKPFC 

480C LBR TAFK3 

4914 TASK3 LOArRS I0P,IRAD1 

Task 3 first resets the four data-good flags, sets range and range rate 
to all l's and sets the angle rates to 0. MDM output is not conditioned 
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on the results of the power form test. The radar operate bit from the 
EA2 Is tested and. If true, PFC flag Is set to 60. STPCNT Is set to 3 
for task 4. OUTFLG Is set to Initiate MDM output, and control Is returned 
to the even leg of the self-test procedure. MDM (and 0&C) data will be 
output during the next pass through the odd leg of the self-test proced- 
ure. However, STWAIT has not yet been set, and the first pass through 
Task 4 will be executed without undergoing a 10-sec pause. 

6.4.4 Task 4 

The first pass through Task 4, which Initializes the antenna 
to zenith, again resets the data-good flags, sets range and range rates 
to all l's and the angle rates to 0's. Mode is set to GPC designate. 
SEQUEN is tested to determine if this is the first or a subsequent pass. 
SEQUEN is 0 during the first pass, having been cleared as part of work 
area 10 (WA10+17). STWAIT is set to enable the 10-sec pause and control 
is returned to the self-test procedure. After the first pass through 
Task 4, the task sequencer will branch to PAUSE, which tests STPCNT to 
determine the current task. STPCNT is 3, which causes PAUSE to branch 
to ZEN1 (5883). Using the POSIT macro, ZEN1 loads 0's into the angle 
designates IMDM3 through IMDM4 and branches to POSLOP (5983). POSLOP 
sets the position loop flag, DOPOS, and starts the 10-sec pause. With 
DOPOS set, the position loop routine is executed every 100 ms prior to 
executing either the even or odd leg of the self-test procedure. At the 
conclusion of the 10-sec pause, DOPOS is reset, as is the ZONEI inner 
zone flag. 

During the second and subsequent calls to Task 4, SEQUEN is 
set and TASK4 branches to DES (4C7B). DES again sets the angle desig- 
nates to 0, tests ZONEI to determine if the antenna is within 0.3° of 
the designate and sets the position loop flag. BUFF5, initially cleared 
as part of work area 10, is tested for excessive time to reach zenith. 

Ten seconds after the end of the 10-sec pause are allowed for the antenna 
to reach zenith. If the limits are exceeded, DES branches to ABORT 
(4CD0), which sets STPCNT to skip Tasks 5 and 6 and sets OUTFLG to ini- 
tiate MDM output. Measured pitch and roll angles are stored in the MDM 
and O.W output words, 0MDM5 through 0MDM8, and 0DC1 through 0DC6, by the 
gimbal-to-Shuttle transform routine ^2S1 (2C0C), executed prior to MDM 
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output. If the antenna Is successfully positioned at zenith, OES 
branches to KEADY (4CAA), which resets the position loop flap. The 
ZONEI Inner zone flag, the sequence counter SEQUEN, sets STPCNT for 
Task 5 and sets OUTFIG for MDM output. In either case, no flag Is set 
to Indicate the results of Task 4. However, If Task 4 falls and Tasks 5 
and 6 are not executed, ASD and TPLF will be 0 since they are In WA11 
and an EA1 or OA error will be Indicated. ASD (WA11+4) Is set by Task 5 
and TPLF (WA11+5) Is set by Task 6. 

6.4.5 Task 5 

Task 5 (4CDE) tests the ability of the servos to point the 
antenna to designated positions within a specified time. This task Is 
divided into four sequences-0 through 3. Sequence 0 is Initialization, 
sequence 1 points to p1tch = 30°, roll=0°; sequence 2 points to pitch* 

30° , roll = -30°; and sequence 3 points back to zenith. There are three 
possible results of the Task 5 tests: unconditional pass if the antenna 

reaches designate within 7 sec, conditional failure if it reaches desig- 
nate within 7 to 10 sec in pitch or roll, and unconditional failure if 
it fails to reach designate within 10 sec. During sequence 0, STWAIT is 
set for the 10-sec pause and the sequence number is set to 1. The 10-sec 
pause routine tests STPCNT (4) and branches to ANT (5899), which tests 
the sequence number, SEQUEN. With SEQUEN equal to 1, ANT branches to 
ZEN1 (5883), which positions the antenna to zenith prior to the pitch 
test. If the test passes or fails conditionally at the conclusion of 
sequence 1, pitch output should read 30° and roll C°. If the test 
fails unconditionally, Task 5 is terminated, STPCNT is set to go to 
Task 7, OUTFLG is set to initiate MDM output, but STWAIT is not set for 
the 10-sec pause— this is set in sequence 0 of Task 7. The 10-sec pause 
prior to the roll ^st (Task 2) designates the antenna to the pitch posi- 
tion attained in Task 1 and the 10-sec pause prior to the zenith test 
(Task 3) designates the antenna to the roll position from Task 2. As in 
sequence 1, the designate positions are read out during the 10-sec pause 
following sequences 2 and 3. 
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6.4.6 Task 6 

Task 6 (4EAC), the transmitter power level test, consists of 
three sequences. The first Is Initialization, the second tests the DA 
operate bit, and the third verifies that the transmitted power exceeds 
threshold. The Initialization sequence sets the range and range rate to 
all l's and the angle rate to all 0's, as well as resetting the data-guod 
flags, as In prior tasks. Estimated range Is set to 10,250 ft In IMDM7 
through IMDM10 (6167-616A) for output to the EA2. STWAIT Is set for the 
10-sec pause, which again sets an estimated range of 10,250 ft. After 
the first 10-sec pause, Task 6 branches to CHKOPB (4F41), which tests 
the DA operate bit. The logic of the DA operate bit Is depicted in Fig- 
ure 43. If the operate bit is true, bit 8 of TPLP (61E5) is set. The 
transmitter is enabled by the commands: 

4F4F RESETS IOP.SIGEN 

4F58 RESETS I0P.ATTEN1 

4F61 RESETS I0P.ATTEN2. 

Transmitter power level is selected by the following commands: 

4F6A SETS I0P.STC0N1 

4F71 SETS I0P.STC0N2 

4F78 SETS I0P.STC0N3. 

Comparator voltage threshold is set by the macro: 

4F8F DAVOLT TRP1 ,TRP2 . 

OUTFLG is set, STWAIT is set and control is returned to the even leg of 
the self-test procedure. The MDM output, pass or fail, will be the same 
as sequence 3 of Task 5--range and range rate all l's, angle rate all 0's, 
pitch and roll 0's. After the second 10-sec pause, TASK6 branches to 
CHKVLT (4FBA), which tests the status of external flag 3, EF3, which will 
be true if the transmit power exceeds threshold. OUTFLG is set and MDM 
output will remain the same as sequence 1, whether the test passes or 
fails. STPCNT is set to 6 for task 7 and OJTLFG is set for MDM output. 

6.4.7 Task 7 

Task 7 consists of four sequences: initialization, radar 

active, test target off, and radar passive. During the initialization 
sequence, mode is set to manual by the macro 



















500C 


TASK7 


CONFIG 


:88»:40. 


Angle and angle rate flags are cleared, estimated range of 10,250 ft Is 
stored In the MOM Input buffer, and TARGET Is set. The TARGET flag Is 
sent to the EA2 during LRU serial output to turn on the test target. 

P0W5 is set to 80, which sets the test dipole to -17.5 dBm. SF.QUEN Is 
set to 1, gimbal motors are turned off, and STWAIT Is set to provide the 
10-sec wait for display of Task 6 results. The pause routine branches 
to RRWAIT (58DC), which again sets the estimated range to 10,250 ft and 
configures the system to manual-active mode. After the first 10-sec 
pause, TASK7 branches to ACTIVE (507A). Bit 8 of ACTFLG (61E6) is set 
if the track status flag Is true and bit 7 is set if the angle track 
flag is false. ACTIVE then executes a call to RNGACT (5295) to test if 
the measured range is within limits. The range limits are 5570 arid 
5070 ft. A 1 is returned in BUFF7 if range is within limits. ACTIVE 
in turn sets bit 6 of ACTFLG if the range is valid and sets bit 5 if the 
range-good flag, RG00D. is true. ACTIVE then calls RRATE (52C2) to 
determine whether or not the range rate data is within limits of ±3 ft/s. 
If the high-order bits of range rate (1KAD6) are 0, 3 ft/s (3C) is sub- 
tracted from the low-order bits. A negative or 0 result indicates that 
range race is less than 3 ft/s. Conversely, if the high-order bits are 
all l's, *3 ft/s is subtracted from the low-order bits. A negative 
result "'ndicates that the velocity is greater in magnitude than the 
limit. Passing the limit test results in bit 4 of ACTFLG being set, and 
bit 3 is set if RRbOOD, the range rate good status flag, is true. Signal 
strength from the test target is compared with thresholds SI and S2. If 
greater than SI, bit 2 of ACTFLG is set and, if less than S2, bit 1 is 
set. The test target is turned off and OUTFLG and STWAIT are set. Note 
that output to the MOM and D&C will reflect the actual range and range 
rate computed by the EA2, as well as the state of the data-good flags. 
That is, the range and range rate flags will be 1 unless the test fails. 
Pitch and roll will be 0° if Tasks 5 and 6 are successful. Otherwise, 
pitch and roll will reflect the actual pitch and roll as computed by the 
gimbal -to-Shuttle routine, reflecting the measured gimbal angles. Angle 
rates will be 0 since they had been set to 0 by previous routines and the 
angle rate routine has not been called. 
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The third phase of Task 7, sequence 2, tests the detect and 
track flags with the target off. If DETECT Is false, bit 8 of OFFRRR 
(61E?) is set and, If TRACK Is false, bit 7 Is set. The test target Is 
turned back on, SEQUEN Is set to 3 and OUTFLG and STWAIT are set. Range 
and range rate data-good flags to the MDM will be 0 if the test passes, 
as will angle and angle rate-good flags. Range and range rate will be 0 
If the test passes since, from [24], EA-2 serial output Is forced to 0 

unless tracking. Pitch and roll will be as in the prior sequence and 
angle rate will be 0. 

Sequence 3 of Task 7, radar passive, starts at PASIVE (5194). 
Bit 8 of PASFLG (61E8) is set if the track flag is true and bit 7 is set 
if ANGTRK is false. PASIVE then calls RNGPAS (5260) to check if the 
measured range is 10.240 ± 250 ft. Bit 6 of PASFLG will be set if this 
test is successful. Bit 5 is set if the range data-good flag is true. 
PASIVE then calls RRATE to determine if the measured range rate is 
0 ± 3 ft/s. If successful, bit 4 of PASFLG is set and bit 3 is set if 
the range rate data-good flag, RRGOOD , is true. Signal strength is com- 
pared with thresholds S3 and S4. If it is greater than S3, bit 2 of 
PASFLG is set and, if less than S4, bit 1 is set. STPCNT is set to 7 
for Task 8 and OUTFLG is set for MDM output. Range and range rate 
data-good will be 1 if the test passes, range will be measured range, 
10,240 ± 250 ft, and range rate will be between ±3 ft/s if the test 
passes. Angle rates will be 0 and pitch and roll will be as in the prior 
sequences. Note that tasks subsequent to Task 7 do not explicitly turn 
on the test target but rely on TARGET being set by TASK7 . This would be 
important if the tasks were to be shuffled for some reason. 

6.4,8 Task 8 

Task 8 (496D ) has four parts: initialization, data-good flag 

test, alpha error signal within limits, and beta error signal within 

1 1r ' " s • During initialization, the system is configured to auto-track 
by the macro: 

496D TASK8 CONFIG :40,:0. 

Estima? ■* range is set to 10,250 ft and angle and angle rate good flags 
are set to 1. SEQUEN is set to 1, P0W5 is set to 8D to provide -17.5 dBm 
at the test dipole, and STWAIT is set for the 10-sec pause to display the 
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results of Task 7, sequence 3. The task 8 pause merely reestablishes 
the estimated range of 10,250 ft. Sequence 1 of Task 8, starting at 
RFLG (49C5), sets bit 8 of ANTR (61E9) if range rate data-good is true 
and sets bit 7 if range data Is good. P0W5 Is set to 95 to command the 
self-test MUX to measure the alpha error signal with the test dipole at 
maximum power. OUTFLG and STWAIT are set, and control is returned to 
the even leg of the self-test procedure. MOM output will consist of 
range and range rate data-good flags equal to 1 if the test passes. 

Angle and angle rate data-good flags are set bv software and will be 1 
unconditionally. Range and range rate will be that provided by the test 
target, presumably close to 10,240 ft and 0 ft/s. Angle rates will be 0, 
pitch and roll will be 0 if Tasks 5 and 6 were successful; otherwise, the 
angles are not predetermined. 

Sequence 2, starting at DELELE (4A07) tests if the alpha error 
is within limits Y1 and Y2. The comments [21, pp. 536 and 537] are mis- 
leading with regard to pass/fail conditions. Bit 6 of ANGR will be set 
If the test passes and delta alpha is greater than Yl. Bit 5 v ill be 
set by EL2FAL (4A49) if delta alpha is less than Y2. EL2FAL and EL2PAS 
are misnamed. This is not a program error, just a confusion factor. 

If delta alpha is within limits, measured roll angle rate output to the 
MOM will be set to all 1 1 s ; otherwise, it will be set to 0's. Pitch 
angle rate will remain 0. Range and range rate data-good flags will be 

the same as in sequence 1, angle and angle rate data-good flags will be 

as provided by the EA2, presumably 1 if the test is successful. Range, 
range rate, pitch and roll will be as in sequence 1. The self-test MUX is 
set to measure delta beta with P0W5 set to 85 and OUTFLG and STWAIT are 
set. Sequence 3, the beta test, compares the measured delta beta with 
thresholds Y3 and Y4. Bit 4 of ANTR is set if the delta beta is greater 
than Y3 and bit 3 is set if less than Y4. Bit 2 is set if the angle 

tra k enable test is true. STPCNT is set to 8 for Task 9 and OUTFLG is 

set. Pitch rate will be set to all I's if the test succeeds or all C's 
if it fails. All other outputs will remain the same as in sequence 2. 

6.4.9 Task 9 

Task 9 (5409) is the receiver sensitivity test. This uses 
the test dipole at less than full power. During the first pass, the sys- 
tem is configured to fiPC acquisition mode by the macro 
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5409 TASK9 CONFIG :10,:00. 

Estimated range is set to 10,250 ft, angle and angle rate data-good flags 
are forced to 1, SEQUEN Is set to 1, and STWAIT Is set for the 10-sec 
pause. After the pause, a sequence equal to 1 causes a branch to TRKFLG 
(545E ) . If TRACK Is true, bit 8 of RSTY Is set. SEQUEN Is set to 2 and 
the test target is set by loading hex CD into PQW5. This sends the radar 
signal strength to the comparator, sets ATTEN1 » 1 and ATTEN2 « 0 for a 
nominal output of -45 dBm to the dipole. All MDM outputs will be the 
same as they were during the previous pause, except the mode flag will 
be GPC ACQ and angle and angle rate data-good flags will be l's. 

Sequence 2 goes to SIGSTV (548E), which compares the signal strength 
with thresholds R1 and R2. If signal strength is greater than R1 , bit 7 
of RSTY is set, ard bit 6 is set if signal strength is less than R2. 

P0W5 is set to D5 v.o measure delta alpha error voltage, SEQUEN is set 
to 3, 0UTF1 G is set, and STWAIT is set. MDM output will be identical 
to that of sequence 1. Sequence 3 goes to ALPHA (54F4) to compare the 
delta alpha error signal with thresholds ALP1 and ALP2. If the error 
signal is greater than ALP1 bit 5 of RSTY is set, and bit 4 is set if 
the error signal is less than ALP2. P0W5 is set to 4, OUTFLG is set, 
and STWAIT is set. Again, MDM output is identical to Tasks 1 and 2. 
Sequence 4 goes to BETA (5555) to compare the delta beta error with 
thresholds BETA1 and BETA2. If delta beta is greater than BETA!, bit 3 
is set and, if less than BETA2, bit 2 is set. Range and range rate lim- 
its are tested using routines RNGPAS and RRATE, the same routines used by 
sequence 3 of Task 7. Bit 8 of RSTYRR is set if the range is 10,240 ft 
± 250 ft, and bit 7 is set if the range rate is within ±3 ft/s. STPCNT 
is set to 9 for TASK10, OUTFLG is set and STWAIT is set. MDM outputs 
v;i 1 1 be identical to those of sequence 3, with the exception of range 
and range rate which will reflect the values measured by the EA2 using 
the lower power test target. 

6.4.10 Task 10 

Task 10 tests the flags set in the prior tasks and sets E1TES" , 
E2TEST , DATEST and SYSTST, accordingly. SYSTST is set if all tests were 
successful and resets otherwise. These four flags are output to the MDM 
in status word 3. Range data to the MDM and D&C is set to 100,000 ft i f 


all tests pass, or 1,000 ft if any test faiis. During the first pass 
through task 10, MDM output is initiated with OUTFLG set to 1. LAMP is 
set, and subsequent passes through task 10 will set SCANNG , TRACK and 
SCWARN flags which, in turn, will light the search, track and scanwarn 
lights in the D&C panel. Task 10 will continue to be executed until 
self-test conditions are reset. 

A synopsis of D&C output is presented in Figure 44. Two cumu- 
lative times are given. The maximum cumulative time assumes that all 
tests pass, and the minimum assumes that Task 4 fails to point the antenna 
to zenith within 10 seconds, in which case Tasks 5 and 6 are not exercised. 
There is more than a minute variability in time to complete self-test, 
depending on which tests fail, if any. Even if all tests pass, there is 
a 28-second variability due to uncertainties in Tasks 4 and 5, the antenna 

gimbal/servo tests. 

The status of range and angle are shown in Figure 44; however, 
they share a conmon display and only one can be displayed at any given 
time. 








Mode 


Range Data Good 
Range Rate Data Good 
Angle Data Good 
Angle Rate Data Good 
Range 

Range Rate 
Roll Angle Rate 
Pitch Angle Rate 
Roll 


Pitch 


Existing mode prior to self-test 
0 
0 
0 
0 

All l's (2,621,440 ft) 

All l's (1638.35 fps) 

All O's 
All O's 
Indeterminate 


Indeterminate 





Table 8 . MDM Output at Conclusion of Zenith Positioning Test 

Task 4 


MDM Output 

Pass 

Fail 

Mode 

GPC Designate 

Same 

Range Data Good 

0 

Same 

Range Rate Data Good 

0 

Same 

Angle Data Good 

0 

Same 

Angle Rate Data Good 

0 

Same 

Range 

All l's (2,621 ,440 ft) 

Same 

Range Rate 

All l's (1638.35 fps) 

Same 

Roll Angle Rate 

All O's 

Same 

Pitch Angle Rate 

AT 1 O's 

Same 

Roll 

0° 

Indeterminate 

Pitch 

0° 

Indeterminate 


Comment 


Go to task 7 


Table 9a. 

MDM Output at Conclusion of Servo Test 
Task 5, Sequence 1 


MDM Output 

Pass 

Fail 

Mode 

GPC Designate 

Same 

Range Data Good 

0 

Same 

Range Rate Data Good 

0 

Same 

Angle Data Good 

0 

Same 

Angle Rate Data Good 

0 

Same 

Ra n ge 

All 1's (2,621,440 ft) 

Same 

Range Rate 

All l‘s (1638.35 fps) 

Same 

Roll Angle Rate 

All O' s 

Same 

Pitch Angle Rate 

All 0's 

Same 

Roll 

0° 

0° 

Pitch 

30° 

Indeterminate 

Comment 


Go to task 7 


Table 9b. MDM Output at Conclusion of Servo Test 
Task 5, Sequence 2 


MDM Output Pass Fail 


Mode 

GPC Designate 

Same 

Range Data Good 

0 

Same 

Range Rate Data Good 

0 

Same 

Angle Data Good 

0 

Same 

Angie Rate Data Good 

0 

Same 

Range 

All Vs (2,621 ,440 ft) 

Same 

Range Rate 

All Vs (1638.35 fps) 

Same 

Roll Angle Rate 

All 0’s 

Same 

Pitch Angie Rate 

All O's 

Same 

Roll 

1 

U> 

o 

o 

Indetermirate 

Pitch 

30° 

u> 

o 

0 


Conment 


Go to task 7 


Table 9c. MOM Output at Conclusion of Servo Test 
Task 5, Sequence 3 


MDM Output 

Pass 

Fail 

Mode 

GPC Designate 

Same 

Range Data Good 

0 

Same 

Range Rate Data Good 

0 

Same 

Angle Data Good 

0 

Same 

Angle Rate Data Good 

0 

Same 

Range 

All l's (2,621,440 ft) 

Same 

Range Rate 

All l's (1638.35 fps) 

Same 

Roll Angle Rate 

All 0*s 

Same 

Pitch Angle Rate 

All O's 

Same 

Roll 

0° 

Indeterminate 

Pitch 

0° 

Indeterminate 

Conrsent 


Go to task 7 


Table 10a. MDM Qutout at. Conclusion of Power Test 
Task 6, Sequence 1 


MDM Output 

Pass 

Fail 

Mode 

GPC Designate 

Same 

Range Data Good 

0 

Same 

Range Rate Data Good 

0 

Same 

Angle Data Good 

0 

Same 

Angle Rate Data Good 

0 

Same 

Range 

All l's (2,621 ,440 ft) 

Same 

Range Rate 

All l's (163835 fps) 

Same 

Roll Angle Rate 

All O' s 

Same 

Pitch Angle Rate 

All 0's 

Same 

Roll 

0° 

Same 

Pitch 

0° 

Same 


Table 10b MDM Output at Conclusion of Power Test 
Task 6, Sequence 2 


'IDii iutput 

Pass 

Fail 

Mode 

GPC Designate 

Same 

Range Data Good 

0 

Same 

Range Rate Data Good 

0 

Same 

Angle Data Good 

0 

Same 

Angle Rate Data Good 

0 

Same 

Range 

All Ts (2,621 ,440 ft) 

Same 

Ranqe Rate 

All Ts (1638.35 fps) 

Same 

Roll Angle Rate 

All 0‘s 

Same 

Pitch Angle Rate 

All O' s 

Same 

Roll 

0° 

Same 

Pitch 

0° 

Same 



Table 11a. 

MDM Output at Conclusion of R,ft 
Task 7, Sequence 1 

Test 


MDM Output 

Pass 

Fail 


Mode 

Manual 

Same 


Range Deto Good 

1 

0 or 1 


Range Rate Data Good 

1 

0 or 1 


Angle Data Good 

0 or 1 

Same 


Angle Rate Data Good 

0 or 1 

Same 


Range 

5,320 ± 250 ft 

Indeterminate if 




range check fails 


Range Rate 

0 ± 3 fps 

Indeterminate if range 




rate check fails 


Roll Angle Rate 

All 0‘s 

Same 


Pitch Angle Rate 

All O's 

Same 


Roll 

0° if tasks 4 and 5 pass 

Same 



Indeterminate otherwise 



Pitch 


0° if tasks 4 and 5 pass 
Indeterminate otherwise 


Same 


Table 11b. MDM Output at Conclusion of R,R Test 
Task 7, Sequence 2 


MDM Output 

Pass 

Fail 

Mode 

Manual 

Same 

Range Rate Good 

0 

0 or 1 

Range Rate Data Good 

0 

0 or 1 

Angle Data Good 

0 

0 or 1 

Angle Rate Data Good 

0 

0 or 1 

Range 

All 0's 

Indeterminate 

Range Rate 

All 0's 

Indeterminate 

Roll Angle Rate 

All 0's 

Same 

Pitch Angle Rate 

All 0's 

Same 

Roll 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Pitch 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Comment 

2A2 to EA1 serial data 
arced to 0 unless tracking 



Table 11c. MDM Output at Conclusion of R,ft Test 
Task 7, Sequence 3 



MDM Output 

Pass 

Fail 


Mode 

Manual 

Same 


Range Data Good 

1 

0 or 1 

r\ 

Range Rate Data Good 

1 

0 or 1 

Angle Data Good 

0 or 1 

0 or 1 

W 

Angle Rate Data Good 

0 or 1 

0 or 1 


Range 

10,240 ±250 ft 

Indeterminate if 
range check fails 


Range Rate 

0 ± 3 fps 

Indeterminate if range 
rate check fails 


Roll Angle Rate 

All O's 

Same 


Pitch Angle Rate 

All O's 

Same 


Roll 

0° if tasks 4 ami 5 pass 
Indeterminate otherwise 

Same 


0° if tasks 4 and 5 pass 
Indeterminate otherwise 


Pitch 


Same 


Table 12a. MDM Output at Conclusion of Servo Angle Track Test 

Task 8, Sequence 1 


MDM Output 

Pass 

Fail 

Mode 

Autotrack 

Same 

Range Data Good 

1 

0 or 1 

Range Rate Data Good 

1 

0 or 1 

Angle Data Good 

1 

Same 

Angle Rate Data Good 

1 

Same 

Range 

Should be close to 10,240 ft 

Same 

Range Rate 

Should be close to 0 fps 

Same 

Roll Angle Rate 

All O's 

Same 

Pitch Angle Rate 

All O's 

Camo 

WWMIW 

Roll 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Pitch 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Comment 

Range and range rate as 
provided by test target 



Table 12b. MRn Output at Conclusion of Servo Angle Track Test 

Task 8, Sequence 2 


MDM Output 

Pa^: 

Fail 

Mode 

Autotrack 

Same 

Range Data Good 

0 or 1 (same as sequence 1) 

Same 

Range Rate Data Good 

0 or i (same as sequence 1) 

Same 

Angle Data Gocd 

1 

Same 

Angle Rate Data Good 

1 

Same 

Range 

Should be close to 10,240 ft 

Same 

Range Rate 

Should be close to 0 fps 

Same 

Roll Angle Rate 

All l’s (-16.387s) 

All O's 

Pitch Annie Rate 

All O's 

All O's 

Roll 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Pi tch 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Comment 

Range and range rate as 
provided by test target 

Same 


Table 12c. 

MDM Output at Conclusion of Servo Angle Track 
Task 8, Sequence 3 

Test 

MDM Output 

Pass 

Fail 

Mode 

Autotrack 

Same 

Range Data Good 

0 or 1 (same as sequence 1) 

Same 

Range Rate Data Good 

0 or 1 (same as sequence 1) 

Same 

Angle Data Gooe 

1 

Same 

Angle Rate Data Good 

1 

Same 

Range 

Should be close to 10,240 ft 

Same 

Range Rate 

Should be close to 0 fps 

Same 

Roll Angle Rate 

All CV, or all Vs depending 
on outcome of sequence 2 

Same 

Pitch Angle Rate 

All Vs (-16.387s) 

All 0's 

Roll 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Pitch 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 


Table 13a. MDM Output at Conclusion of Receiver Sensitivity Test 

Task 9, Sequence 1 


MDM Output 

Pass 

Fail 

Mode 

GPC Acquisition 

Same 

Range Data Good 

0 or 1 (same as task 8, sequence 1) 

Same 

Range Rate Data Good 

0 or 1 (same as task 8, sequence 1) 

Same 

Angle Data Good 

1 

Same 

Angle Rate Data Good 

1 

Same 

Range 

Should be close to 10,240 ft 
(same as task 8, sequence 1) 

Same 

Range Rate 

Should be close to 0 fps 
(same as tas* 8, sequence 1) 

Same 

Roll Angle Rate 

All 0‘s or all I's depending on 
outcome of tas< 8, sequence 2 

Same 

Pitch Angle Rate 

All O' s or all Vs depending on 
outccme of task 8, sequence 3 

Same 

Roll 

u° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Pitch 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 


Table 13b. MDM Output at Conclusion of Receiver Sensitivity Test 

Task 9, Sequence 2-4 


MDM Output 

Pass 

Fail 

Mode 

GPC Acquisition 

Same 

Range Data Good 

0 1 

Same 

Range Rate Data Good 

0 or 1 

Same 

Angle Data Good 

1 

Same 

Angle Rate Data Good 

1 

Same 

Range 

10,240 ± 250 ft 

Indeterminate 

Range Rate 

0 ± 3 fps 

Indeterminate 

Roll Angle Rate 

All 0‘s or all l's, depending 
on outcome of task 8, sequence 2 

Same 

Pitch Angle Rate 

All 0's or all Vs, depending 
on outcome o f task 8, sequence 3 

Same 

Roll 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Pitch 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Same 

Comment 

Range, range rate and range data 
good flags may differ from seq. 1 
due to lower power 

Same 



Table 14. MDM Output at Conclusion of Flag Compilation 

Task 10 


MDM Output 

Pass 

Fail 

f a 

Manual 

Same 

Kange Data Good 

0 or 1 

Same 

Range Rate Data Good 

0 or 1 

Same 

Angle Data Good 

1 

Same 

Angle Rate Data Good 

0 

Same 

Range 

100,000 ft 

1,000 ft 

Range Rate 

Should be close to 0 fps 
(same as task 9, sequence 4) 

Indeterminate 

Roll Angle Rate 

All 0's 

Same 

Pitch Angle Rate 

All 0's 

Same 

Roll 

0° 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

Pitch 

0° 

0° if tasks 4 and 5 pass 
Indeterminate otherwise 

DA 

1 

0 or 1 

El 

1 

0 or 1 

E2 

1 

0 or 1 

SYS 

1 

0 


M 



Ma * isnin 

' ' A* ' v* 1 


10. c 15. G 2? a *? t 49.6 59.6 66.6 76.6 83.6 93.8 104 C 114 t ,?4 s 134.8 1<5 ? 155.4 165.6 176. C 1M.2 *.% 4 206. 
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Figure 44. O&C Status During Self-Test 
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6.5 Memory Usage Optimization 

6.5.1 Introduction 

In the present hardware configuration, the RCA processor Is not 
limited by available memory space. If feed-forward for the antenna servo 
Is Implemented, however, time considerations may play an Important role 
In the processor's ability to perform the required functions. Initial 
estimates by HAC Indicate a timing margin of 3-6* If feed-forward Is 
Implemented. 

One way to Improve the efficiency of the present software from 
the standpoints of both execution time and memory requirements, would be 
to redefine the multitude of flags In terms of one flag/word rather than 
elght/word. This has the effect of requiring more memory to store flags 
but effects a net Increase In memory due to the simplified software 
required to test or modify flags. An additional benefit Is that compu- 
tational speed Is Increased. 

6.5.2 Suggested Modifications 

With the current Implementation, one flag word may hold as many 
as eight flag bits. In order to access an arbitrary flag bit, assembler 
macro instructions are used which generate inline code as the program 
Is assembled. These macro instructions are used to GET, SET, RESET or 
TOGGLE flag bits. : or example, the instruction 

RESETS REGISTER, FLAG 

Is expanded to the following Inline code: 

LD! (low-order address of flag word) 

PLO REGISTER 
LDN REGISTER 

ORI (flag bit to be reset) 

XRI (flag bit to be reset) 

STR REGISTER. 
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This macro uses nine memory words and 12 machine cycles, with the 
high-order byte of REGISTER preset to the high-order address of the flag 
word. By contrast. If one word contained one flag, the flag would be 
reset merely by clearing the word. This could be done with four Instruc- 
tions, versus ; lx, using six memory words and eight machine cycles. Sim- 
ilarly, the SETS macro, which takes seven memory locations, five Instruc- 
tions and 10 cycles, could be Implemented with five memory locations, four 
Instructions and eight cycles. 

The use of one-bit flag words would require about 120 additional 
memory words for flags; however, these would be gained back by the savings 
of memory In one routine, CONFIGURE, which makes extensive use of flags. 
Additional space would be required In input/output routines to format the 
bit flags; however, this can be done with relative efficiency since the 
flag access is not random as it is with the GET, SET and RESET macros. 
Parallel output word 5 (P0W5) could remain parallel since all bits of 
P0W5 are typically loaded at the same time. 

While there is no point ir, modifying the existing software if 
it. is adequate to do the job, in the even' that feed-forward requires too 
much time, this technique could be tried. The effect of the suggested 
changes can easily be tested merely by redefining the macros, allocating 
storage for the flags and redefining the input/output bit mapping. 


6 . 6 . 


Conclusions and Recommendations 


The EA1 software Is well Jocumented and annotated, with the 
exception of the omission of a cross-reference listing In the documenta- 
tion. In this report, Axlomatlx has provided a cross-reference listing 
of status flags to partially fill this gap. A minor bug In the proce- 
dure termination routine has been found and the fix Is discussed In sec- 
tion 6,1.1. Executive reconfiguration and self-test are examined and 
appear to perform as expected. Discussion of the MDM output during 
self-test is very brief In the HAC documentation; a more complete dis- 
cussion of the MDM outputs is provided in this report. A change in the 
method of flag storage Is recommended If processing time becomes a crit- 
ical factor in future versions of the EA1 software. 
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7.0 DELIVERABLE TEST EQUIPMENT EVALUATION 

7.1 Introductio n 

As per NASA Contract NAS 9-15795B* Task 3, this section reviews 
and evaluates the Hughes Aircraft Company's Ku-band test equipment which 
win bo delivered to both the Avionic Development Laboratory (ADL) and 
the Electronic System Test Laboratory (ESTL). This test equipment was 
previously known as the Deliverable Test Equipment (DTE); however, the 
present nomenclature Is the Deliverable System Test Equipment (DSTE). 

The DSTE Is capable of performing system level developmental 
testing of the Ku-Band Integrated Radar and Communications Equipment and 
Is functionally organized into LRU test panels similar to the Ku-band sys- 
tem with the addition of a microcomputer system, a Ku-ba.id signal condi- 
tioner, power control panel and general-purpose test equipment. Figure 45 
is a functional block diagram of the DSTE. 

The Hughes test philosophy entailed a cost-effective approach 
wherein the LRU test equipment would be readily adapted for use in the 
DSTE. Three individual panels, the EA-1 LRU, the EA-2 LRU and the SPA 
LRU test panel, were developed and are being used as the primary signal 
sources and signal detection circuits for the respective LRU's. Upon 
completion of the EA-1, EA-2 and SPA LRU testing, the three LRU test 
panels were integrated into a console to form the basis of the DSTE. 

While the DSTE is capable of operating in an RF link mode 
where radiation is coupled between the Ku-band system antenna and a sim- 
ulated TORS satellite, the more typical operational mode is to use the 
Ku-band Test Signal Conditioner (TSC). The TSC provides numerous func- 
tions but, essentially, the TSC upconverts the simulated forward link 
data generated by the EA-1 test panel or the simulated radar target 
return signals generated by the EA-2 test panel to Ku-band frequencies. 

The upconverted signals are, in turn, injected into the deployed assembly 
(DA) via RF connectors. Also, the TSC demodulates the return link QSPK 
or FM signal which is input into the SPA test panel for data comparison 
and validation. 

The DSTE utilizes a power control panel thac monitors the volt- 
age and current supplied to the Ku-band system. The power control panel 
provides protection circuitry to guard against bus reversal, overvoltage 
and short-circuit conditions, and provides the logic circuitry to perform 
the power-up/down procedures. 
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Tht last major faaturas of tha DSTE are the test operator 
Interface and the test computer system. The DSTE Is basically semiauto- 
matic, with primary control of the test operations by the test operator. 
The test computer primarily performs the role of monitoring nonreal-tlme 
functions, data logging, and management of the Ku-band system operating 
inodes. The test computer system Includes a minicomputer, a dual floppy 
disc system, a hard disc system (ESTL only), a CRT display terminal, a 
high-speed line printer, and a test control /computer Interface panel. 

The DSTE was built Into a modularized configuration being 
grouped functionally to minimize Intercabl'ng and to facilitate system 
and LRU level testing. Figure 46 shows the ?STE physical configuration 
which consists of the following: 

(1) A tiiree-and-one-half bay console housing the three LRU 
test panels (EA-1, EA-2 and SPA), power supplies, the system-unique 
panels (power control, test operator panel and shaft single encoder pro- 
cessor), commercial measuring equipment and the test computer system. 
Note: The ESTL configuration will be a four-bay console so that the 
hard disc system and additional cooling blowers may be added. 

(2) A mobile stand & r mounting the Of RU and housing the 

TSC panel . 

(3) A two-bay, low-boy console with cold plates for mounting 
the EA-1, EA-2 and SPA LRU's. 

(4) A line printer on a stand. 

(5) An additional three-bay console for user-supplied conner- 
cial test equipment. 

Since the DSTE Is semi automated, Hughes generated a number of computer 
programs to test the Ku-band system. The 14 communications mode tests 
and the 17 radar mode tests and described in detail in Hughes document 
TP32090-001 , "Subsystem Development Test Procedures for the Ku-Band 
Integrated Radar/Communications Equipment," dated October 23, 1979. The 
31 test modules will be discussed in greater detail later in this report. 
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7.2 Approach 

To date, there 1$ no existing document describing the OSTE In 
detail. So, In order to understand the capabilities, a number of docu- 
ments were reviewed. First, there Is Hughes document HS237-528, "Veri- 
fication Plan for Ku-Band Integrated Radar and Communlcatlcns Equipment," 
dated September 14, 1979. This Hughes document, which Is sometimes 
referred to as "TM01," Is a Rockwell contractually required plan that 
permits Rockwell to evaluate the Hughes method of verifying the Ku-band 
system requirements. In TM01 , a number of system tests are described, 
and there Is a discussion of the system test equipment (STE). The STE is 
similar to, but not the same as, the DSTE. 

Second, there is Hughes document TP32090-001 (previously men- 
tioned) that describes the 31 test modules. This specification will be 
used in this report to determine the basic capabilities of the OSTE. 

Third, Hughes document TP3201 2-074, "Ku-Band Sell-Off Test Pro- 
cedure," dated May 19, 1980, is used to sell off the ADL and ESTL DSTE's. 
This procedure outlines which of the 31 test modules will be used for 
sell-off. 

Fourth, Rockwell document MC409-0025, "Integrated Communications 
and Radar Equipment, Ku-Band," Rev B with changes, dated July 21, 1978, 
is the Ku-band system specification. This document describes in detail 
all of the system requirements and methods that must be used to verify 
compliance to the specification. 

The basic approach was to generate a matrix to compare the 
Ku-band system requirements as detailed in the Rockwell specification to 
the 31 test modules described in TP32090-001 . Ideally, the modules should 
test a majority of the Rockwell system requirements. In this same matrix, 
the modules used for DSfE sell-off will also be identified. 
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733 Fi ndings 

The first task was to determine exactly what each of the 14 
communf cations test modules and the 17 radar test modules actually verify. 
This was accomplished by reviewing TP320%-001 and TM01 . 

7.3.1 Test Module Descriptions 

The reader must remember that originally there were no require- 
ments for Hughes to perform system testing. The 31 test modules were 
intended for system developmental tests only. When system testing was 
eventually required, these modules were used to test the system, even 
though they were not Initially designed for that task. 

7. 3. 1.1 Comnunl cat ions Test Module Descriptions 

7. 3. 1.1.1 Communications power up/down consumption 

The Ku-band communications subsystem power up/down sequence will 
be tested to verify that the subsystem responds properly to the standby 
and power on modes. 

The test begins with the system switched to COMM STDBY from the 
OFF condition. MDM status bits will be verified for correct mode. In the 
COMM STDBY mode, the following power will be measured: 

(1 ) Avionics power 

(2) DA power 

(3) HTR power. 

Upon completion of the standby power measurements, the system will then 
be commanded to COMM ON. The antenna unstowing procedure, along with ini- 
tialization of the angle designation register, will be verified via the 
MDM pitch and roll data and the shaft angle encoder data. With the antenna 
in the unstowed condition, the following power will be measured: 

(1) Avionics power 

(2) DA power 

(3) HTR power. 

Upon completion of the power measurement, the antenna stowing procedure 
will be verified via MDM pitch and roll data and discrete signals (BOOM 
STOW ENABLE I and 1 1 — high) The system will then be commanded off and 
the avionics and DA currents measured. 


7.3.1.1.Z Communications subsystem slant range 

The purpose of this test Is to demonstrate the capability of 
the Ku-band system to acquire and lock on to a TORS simulated signal. 

The test consists of transmitting a 13.775 GHz CW signal from 
an antenna located atop the south end of Hughes building 0355 (Bird House) 
to the Ku-band system located in the radome-enclosed area in building 0358. 

The Ku-band system antenna is manually slewed until a maximum 
reading occurs, Indicating that the DA antenna Is pointing at the simu- 
lated target The Ku-band antenna Is then positioned away from the sim- 
ulated target, but within the 10° half-cone search angle. Search Is 
initiated in GPC ACQUISITION antenna steering mode, and the Ku-band system 
capability to acquire and lock up on the simulated target is verified. 
Search Is visually verified by the antenna motion. After the antenna 
motion has stopped, system status is verified by reading the MOM status. 

7. 3. 1.1. 3 Forward link signal strength test 

The objective of this test is to verify the Ku-band communica- 
tions subsystem capability to provide acceptable conditioned AGC voltage 
representing communications signal strength. 

The Ku-band communications subsystem input signal level will 
be varied and the corresponding signal strength voltage measured. The 
signal level will be input at the DA test access connector and the MDM-3 
signal strength voltage measured at the signal interface panel. 

7. 3. 1.1. 4 Forward link tracking threshold test 

The tracking threshold level for the specified modulation types 
will be verified for the communications subsystem, as follows: 

(1) Unmodulated carrier 

( 2 ) Data modulation on the carrier 

(3) PN modulation on the carrier 

(4) Data and PN modulation on the carrier. 

The test starts with the Costas and PN (when PN is present) 
loops tracking a known input signal u f sufficient strength to cause 
lock-on. The signal level will be reduced by 0.5 dB steps and held con- 
stant for 60 seconds. The point where each loop loses lock will be 
recorded (does not apply to the PN loop when PN is absent). 
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7.3*1 .1.3 Forward link acquisition time test 

Acquisition and lock-on time for the Costas loop, PN loop, frame 
synchronization and data present (lock-on and dropout) are measured for 
the following classes of forward link Input signals: 

(1) Unmodulated carrier 

(2) Data modulation on the carrier 

(3) PN modulation only on the carrier 

(4) Data and PN modulation on the carrier. 

The forward link acquisition time measurements are made on an 
electronics counter set for time interval measurement. Unless otherwise 
specified, each test is repeated 10 times for the high input signal level 
(upper C/N range) and 100 times for the low input signal level (lower C/N 
range). 

(1) The Costas loop acquisition and lock indication (within 
330 ms) after the input signal is applied is measured for all four speci- 
fied modulation types. Test is performed in mode 1. 

(2) The PN loop acquisition o,id lock indication (within 10 sec- 
onds) after the input signal is applied is measured for the PN modulation 
on carrier and data and PN modulation on carrier modulation types. Test 
is performed in mode 1. 

(3) Frame synchronization acquisition within two seconds after 
PN acquisition when PN data are present and within two seconds after Cos- 
tas lock when PN data are not present is measured. Test Is performed in 
mode 1 . 

(4) The time for the data present signal to go high, within 
two seconds after PN lock Is acquired when PN data are present and within 
two seconds after Costas lock when PN data are not present, is measured. 
The test is performed in mode 2 and at rates of 32 kbps and 216 kbps. 

(5) The data present signal drop-out time (< 11 seconds) for 
data interrupt on the forward link will be measured. The test is per- 
formed in mode 2 and at the 2iS kbps rate. The test is repeated 10 times 
with high input signal rate. 


203 


7.3. 1.1. 6 Forward link acquisition BER tests 

Acceptable BER for the comnunl cations forward link Input signal 
levels and output data RMS jitter will be verified. 

The bit error for various forward link input signal levels Is 
measured on the electronic counter. Signal detection is verified at the 
start of each test and the bit error measured at the end of 60 seconds. 

The test Is performed for data modulation on carrier and data and PN mod- 
ulation on carrier. The mode 1, NSP 1 forward link output data RMS jitter 
Is measured on the electronic counter set for time Interval measurement. 

7. 3. 1.1. 7 Functional test (return link) 

The return link functional test objectives are as follows: 

(1) To verify acceptable signal isolation and correct configu- 
ration for return link data channels in response to management commands. 

(2) To verify acceptable signal conditioning in response to an 
asymmetrical HDR clock. 

The functional tests will be conducted as follows: 

(1) Signal isolation and correct configuration will be veri- 
fied by injecting 125 kHz square-wave signal into two of the SPA return 
link data channels while the third or selected data channel is provided 
with the normal signal. The output signal shall be verified for the 
selected normal signal and rejection of the nonselected signals. The 
test will be repeated for all combinations of the return link data chan- 
nels and selectable data source. 

(2) Acceptable signal conditioning in the face of clock asym- 
metry will be verified by first using an HDR clock with +20% asymmetry 
and insuring that the HDR bit stream output of the DA does not exceed 
10% asymmetry. The test will be repeated for -20% HDR clock asymmetry. 

7. 3. 1.1. 8 BER test (return link) 

The communications return link BLR test objective is to verify 
acceptable BER levels for all return link digital channels for normal and 
abnormal inputs (asymmetrical convolutional encoder clock). 
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Generally, BER can be determined directly by comparing the bit 
stream out of the test device to the bit stream fed Into the test device 
and dividing the number of times a bit error occurs (extra bit due to noise 
or loss of bit due to noise) by the total number of Input bits occurring 
during the time period of observation. However, because the BER for the 
return link Is normally too low to determine directly In a reasonably 
short time period, a known amount of noise will be Injected Into the test 
channel In order to raise the BER. 

By measuring the BER corresponding to each of several known 
levels of noise, then plotting these points, the resulting curve can be 
extrapolated to obtain the S/N ratio corresponding to a BER of lCf*\ 

This S/N ratio shall not be different from an S/N ratio measured for the 
calibration configuration by more than a specified amount. 

Additionally, the BER test will include measurement of BER for 
the HDR channel 3, mode 1, clock in response to asymmetry in the convolu- 
tional recorder clock signal. 

7. 3. 1.1. 9 Communications mode antenna stow/unstow test 

The antenna is deployed to its unstowed position and directed 
to the zenith, where roll and pitch gimbal encoder angles are verified. 

The antenna is then directed to the stowed position and the roll and pitch 
encoders are verified for the gimbal's stowed angular values. 

7.3.1.1.10 Communications mode antenna stow/unstow test 

The antenna's obscuration area is verified using values for 
roll and pitch gimbal angles computed from the data in the obscuration 
boundary table. 

7.3.1.1.11 Communications mode antenna stability test 

The antenna's drift rate in inertial stabilization and the 
antenna's drift and pointing accuracy in body stabilization are measured. 
The antenna's angular position is set for different pointing designates 
and the accuracy is checked. After two minutes at each pointing desig- 
nate, the antenna's angular position 4 s again read. From this data, the 
drift rates in inertial stabilization mode and the angular drift in body 
stabilization mode are computed. 
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7.3.1 1.12 Communl cat Ions mode antenna slew test 

The antenna's manual fast and slow slew rates are checked in 
elevation (up and down directions) and In azimuth (left and right direc- 
tions). A plot Is made to verify the antenna search scan. 

The antenna wraparound rate is checked at various beta gimbal 
positions. The antenna Is positioned 5° from the alpha gimbal stop and 
directed to go to a position 5° on the other side of the alpha gimbal 
stop. Since the gimbal cannot go through Its stoD, the gimbal whips 
around at the super slew rate to the designate angle. This rate is mea- 
sured to verify that it is within the slew maximum and minimum tolerances. 

7.3.1.1.13 Communications mode target acquisition and track test 

The target acquisition and track functions of the antenna servo 
system are performed to verify angular track accuracy, the main scan TDRS 
acquisition and track stability requirements, the low signal level TDRS 
acquisition requirements and the loss in antenna gain during TDRS track. 
The resultant data is either processed by the test equipment computer or 
analyzed off-line to determine requirements compliance. 

7.3.1.1.14 Communications antenna scan volume 

Proper response to an invalid start scan commanded during GPC 
DESIG, MANUAL, GPC ACQ and AUTOTRACK antenna steering modes is verified. 
The operator then selects either the ambient scan volume test or the 
thermal vacuum scan volume test. These tests use the X-Y plotter to 
record the antenna scan trajectory for off-line analysis. Parameters 
to be verified off-line are: number of scan circles, scan volume, 30% 

scan overlap, scan time, scan dwell time and scan rates. The thermal 
vacuum scan volume test consists of a search scan at each of four scan 
centers. The scan centers in (ALPHA, BETA) are (0,0), (45,0), (-75,0) 
and (0,45). The search cone is 20°, The ambient scan volume test con- 
sists of a 20° scan cone. 
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7 . 3 . 1.2 Radar Test Module Description 
7. 3 . 1.2.1 Radar power up/down consumption 

The Ku-band radar subsystem power up/ down sequence will be 
tested to verify that the subsystem responds properly to the standby and 
power >on modes. 

The test begins with the system switched to RADAR STDBY from the 
OFF condition. MDM status bits will be verified for correct mode. In the 
RADAR STDBY mode, the following power will be measured: avionics power, 

DA power and HTR power. Upon completion of the standby power measure- 
ments, the system will then be commanded to RADAR ON. The antenna unstow- 
ing procedure, along with initialization of the angle designation register, 
will be verified via the MDM pitch and roll data and the shaft angle 
encoder data. With the antenna in the unstowed condition, the following 
power will be measured: avionics power, DA power and HTR power. Upon 

completion of the power measurement, the antenna stowing procedure will be 
verified via MDM pitch and roll data and discrete signals (BOOM STOW 

ENABLE I & II— HIGH) from the system. 

The system will then be commanded off and the avionics current 

and DA current measured. 

7. 3. 1.2. 2 Radar self-test 

The radar self-test begins with an invalid start command. The 
response is noted and is followed by a correct initiation of the self-test 
mode. The test operator evaluates the response of the D&C displays while 
the DSTE evaluates the S/T information available at the MOM. The combined 

evaluations determine the salf-test validity. 

Available to the operator at his discretion is a printout of 

all the MDM data that was taken during S/T by the DSTE. 

7. 3. 1.2. 3 Antenna stow/unstow test 

The antenna is commanded to execute the stow and unstowing pro- 
cess. Along with visual verification, the stow and unstow angle positions 
are measured and verified against known values. 

1 
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7. 3. 1.2. 8 Radar waveform test 


This test verifies the radar waveform design by measuring the 
pulse width, PRF, power and frequency management of the transmitted wave- 
forms. These parameters are obtained from 19 operator-selectable tests. 
These tests are derived from appropriate combinations of GPC DESIGNATE and 
MANUAL operation In the active or passive modes for both search and track, 
along with designating the range. A simulated target return is provided 
to obtain the track waveforms. In addition, the frequencies of the 156 MHz 
(T.O. reference) and 49.2 MHz (range clock reference) signals are measured. 

7. 3. 1.2. 9 Radar range accuracy test 

This test module verifies the radar subsystems 's measurement of 
range in the active and passive modes. Two verification approaches are 
provided: developmental and acceptance. The developmental approach 

uses many data samples (1000 nominal, but operator controlled) to deter- 
mine the statistical mean, variance and three sigma values of the data. 
These computer-calculated statistical reports are then compared to the 
system specification values. The acceptance approach uses a single data 
sample which is compared to the combined random and bias specification 
values. Fourteen range accuracy tests make up the test module. The 
tests are configured to verify the radar subsystem's measuring capability 
through the specified regime of operation. 

7.3.1.2.10 Radar range rate accuracy test 

This test module verifies the radar subsystem'? measurement of 
range rate in the active and passive modes. Two verification approaches 
are provided: developmental and acceptance. The developmental approach 

uses many data samples (1000 nominal, but operator controlled) to deter- 
mine the statistical mean, variince and three-sigma values of the data. 
These computer-calculated statistical reprots are then compared to the 
system specification values. The acceptance approach uses a single data 
sample which is compared to the combined random and bias specification 
values. Twenty-three range rate accuracy tests make up this test module. 
The tests are configured to verify the radar subsystem's measuring capa- 
bility through the specified regime of operation. 
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7. 3.1. 2. 4 Antenna obscuration zone test 

The obscuration profile for the A side Is checked out. The 
antenna Is positioned to seven locations, five of which are In the obscu- 
ration area. The scan warn limit Indicator on the MDM and D&C outputs are 
monitored for the correct responses. 

7. 3. 1.2. 5 Antenna stabilization test 

This portion consists o' several tests. The drift rate In the 
Inertial stabilization mode and the antenna drift while In the Orbiter 
stabilized mode are measured and verified to be within specification. The 
slew modes are verified by measuring the antenna slew rate for both fast 
and slow rates in the azimuth and elevation planes. Finally, the antenna 
Is scanned about the -2 axis in a 12° cone. 

7. 3. 1.2. 6 Radar target track test 

This test verifies radar target tracking in both angle-tracking 
and nonangl e-tracking modes. The passive mode is used in both tests. 

The Ku-band radar subsystem .ifj.ial strength indicator Is dynam- 
ically exercised by varying the input signal level. In addition, the 
transmitted signal strength indicator is characterized by measuring the 
response to all three transmitter power settings. 

7. 3. 1.2. 7 Radar antenna scan volume test 

Proper response to invalid start scan commanding during GPC 
DESIGNATE, MANUAL , GPC ACQUISITION and AUTOTRACK antenna steering modes 
is verified. The operator then selects either the ambient scan volume 
test or the thermal vacuum scan volume test. These tests use an X-Y 
plotter to record the antenna scan trajectory for off-line analysis. 
Parameters to be verified off-line are: number of scan circles, scan 

volume, 30" scan overlap and scan time of one minute maximum. The ther- 
mal vacuum scan volume test consists of five scan cones for each of three 
scan centers. Scan centers (pitch, roll) are (0,0), (30,30) and (-30,-30). 
Search cones are approximately 60, bO, 4u, <:0 and 10°. The ambient scan 
volume test consists of a 10° scan cone centered at (0,0). 
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7.3.1.2.11 Radar target acquisition test 

Tha radar target acquisition test module contains three test 
segments: nonscanning acquisition, the sldelobe test and the malnscan 
acquisition. This test module verifies that the radar subsystem will 
properly transition from acquisition to target track. A brief descrip- 
tion of the three test segments In this module Is as follows: 

(1) Nonscannlng acquisition. This test verifies that the 
radar system will detect and angle track a target placed within the 3 dB 
beamwldth. The operator selects the antenna pointing direction, the 
location of the target relative to the antenna, the mode (active or pas- 
sive), and whether the target Is at shore or long range. 

The range will determine the settling time of the acquisition 
loop. The antenna Is not scanned during this test. 

(2) Sidelobe test. The sidelobe logic of the radar operation 
is verified. The operator designates the location of the target relative 
to the antenna boresight. A default position for the target is available 
and is set to 2.5°. 

The test is conducted in the 6PC DESIGNATE mode rather than 
an angle-tracking mode. The nonangle-tracking mode will permit target 
track (i.e., range and range rate track) but would preclude the antenna 
servos from nulling out the target position. This enables the radar sub- 
system to determine that the target is in the sidelobe and provide a 
steady indication of this status. 

(3) Mainscan acquisition. The mainscan acquisition tests the 
system for target lock-on when the scanning antenna encounters a target 
within the scan trajectory. The operator designates the scan center loca- 
tion, the target location relative to the scan center, and the scan volume., 

There are only 10 scan volumes, and not all scan volumes 
need be employed; this choice is left to the operator. 

Verification of target acquisition leading to track with 
all related Ku-band system designators (e.g., track, detect status bits) 
correctly responding will determine test acceptance. 
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7.3.1.2.12 R»d#r moving-target acquisition test 

This test consists of a target moving Inward toward the scan 
center as the antenna Is scanning. Successful acquisition results In 
stopping the antenna scan and ending In target track. There are five 
test profiles that can be selected on the basis of test number, as listed 
below: 


Test No. 


Scan Volume 



1 

30 

0.1 

2 

25 

0.2 

3 

11 

0.3 

4 

8 

0.6 

5 

6 

1.1 


In each test, two signal levels maximum or minimum must be 
designated corresponding to a 1 square meter or 10,000 square meter tar- 
get. A third quantity must also be given and allows for fine correction 
of the test signal conditioner panel RF output level. The value is spec 
ified in decibels of attenuation. A positive value decreases the signal 
level whereas a negative value increases it. Specifying 0 dB does not 
change the programmed levels. 


7 3.1.2.13 Radar recovery time test 

The test consists of the Ku-band system locking on to a moving 
target. Target eclipse takes place for a predetermined time interval; 
the target then reappears. The test observes whether or not reacquisition 
occurs . 

The four selectable tests are listed below: 

Te s t No . Los s_ Time 

1 0.1 sec 

2 0.2 sec 

3 0.3 sec 

4 Operator designated 

The target is at 12 run with 1 square meter cross-section and 
moves normal to the line of sight. In addition to selecting the test 
number, the operator must specify the following parameters: 
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CF Correction factor for the RF signal level, given In decibels 

of attenuation 

RB Range bias correction for test equipment, given in feet 

V Target loss rate In °/sec; 2*/sec maximum. 

7.3.1.2.14 Radar glmbal pointing control 

The tests involve the Ku-band servo system capability to accu- 
rately point the antenna, hold the designated position and verify part of 
Its dynamic response. In all tests, selected test locations are given. 

The operator has, in most of the tests, the option of designating the t*»st 
location. The tests are partitioned into three sections and are described 
as follows: 


(1) Gimbal pointing and stabilization test. There are four 
selectable positions to which the gimbals are designated, with an option 
for the operator to designate a fifth location. After reaching the 
designate, the position holding test can be selected in either the body 
stabilized or inertial stabilized mode. The test positions in the alpha- 
beta coordinates are: 

1 . 0 , 0 

2. 0, 30 

3. 0, 60 

4. -45, 45 

5. Operator designated. 

(2) Gimbal slew test. The test consists of measuring gimbal 
slew rates as the antenna moves between designates. Two types of desig- 
nates are used. The difference is whether or not the wraparound logic is 
exercised. Straight slew has operator option of selecting the pointing 
designates. 


(a) Gimbal straight slew test. Test position for alpha 
and beta (°) are: 


Initial 

Test A 1 pha Bet a 


Final 

Alpha Beta 


1 0 65 0 

2 0-85 0 

3 Operator supplied 


0 

0 
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(b) Glmbal slew test with wraparound logic involved. 

constant^ .TlT”* eXBrClSeS a,P ” a 9 <™ ba1 w,th »eta global held 
constant. Alpha moves from 145° to -205°. 

^- st N P» . Beta (°) 

1 0 
2 60 

3 75 

4 -60 

5 -85 

® Operator supplied 

7.3.1.2.15 Radar angle track--servo convergence test 

. . ^ SerV ° conver 9 ance test will verify the radar servo loop 

andwidth. Several parameters are supplied to define the test. 

Bandwidth (Hz) 

0.12 


Test No. 


Mode 


1 

2 

3 

4 

5 


Passive 
Passive 
Pass ive 
Active 
Active 


0.075 

0.027 

0.075 

0.027 


CF 

RB 

V 

A,B 


The test numbers are selected in addition to the following: 

o C ? r a«enSa"t?on t0r ^ “* * F Si9 " a, ^ <" *cib.l. 

Range bias correction for test equipment, given in feet 
Target LOS rate in °/sec 

Antenna location expressed in degrees 

Target location relative to the antenna, expressed in degrees. 
The angle error signals are recorded on a strip chart recorder 

Pnt" O fl H 1 nmn *■» f 


AR.BR 

or equivalent equipment. 


• 1 wilt wit (i iii 
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7.3.1.2.16 Radar angle track— dynamic tracking test 

There are two major tests. The first measures the Ku-band 
systems's capability to angle-track a target into the antenna pole loca- 
tions. The second test verifies the capability of tracking a target 
accelerating normal to the line-of-slght (LOS). In the second test, the 
operator has the option of specifying the test parameters in addition to 

a preselected case. 

7.3.1.2.17 Radar angle track-angle track statistics test 

The angle-track statistics test derives statistical angle 
parameters when the Ku-tand system is in radar angle-track. There are 
two tests, as follows: 

(1) Static angle-track. Antenna is positioned at coordinates 
designated by operator. Angle-track is established. MDM and SAE angle 
data are collected (500 samples). Mean and 3-sigina values are derived. 

(2) Dynamic angle-track. 500 samples of angle rate data from 
MDM are collected with the Ku-band system tracking a target moving with 
constant velocity. A baseline velocity of 0.06°/second can be selected. 
Other rates up to 0.5°/second can be designated by the operator. 

7.3.2 Rockwell Specification versus the DSTE Test Module Matrix 

After reviewing the 14 communications and 17 radar test mod- 
ules, the next task was to compare the module capabilities to the Rock- 
well specification. Even though this task initially appeared to be 

straightforward, some problems developed. 

The first problem is that TP32090-001 gives very general test 
descriptions. In the radar tests, for example, the system is initialized 
to the GPC DESIGNATE mode, but it is not clear whether or not the test 
module automatically switches to the GPC ACQUISITION mode in the course 
of the test. In order to determine the answer to this question, it would 
be necessary to review each software step fcr every test module. There 
1S no convenient intermediate Hughes document between the software and 

TP3209-001. 

The second problem is that the test modules were generated 
approximately two years ago, primarily for developmental testing. The 
modules were not intended to be used to verify system per romance. 
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7.3.3 DSTE Sell-Off Procedures 

The previously mentioned Hughes document TP3201 2-074 describes 
the tent modu!°s to be used for DSTE sell-off. There are a number of 
DSTE check-out tests but, essentially, Hughes is taking the ADL Ku-band 
system after the LRU's have passed their respective ATP's and connecting 
the ADL L r <U'i. to the ESTL DSTE. Also, the ESTL LRU's will be connected 
to the AOL DSTE. The assumption is that, since the LRU's have passed 
their acceptance tests, if the same results are achieved using the ADL 
LRU's with the ESI L DSTE and vice-versa, the DSTE's must be functioning 
properly. 

Hughes will be using two of the 14 communications test modules 
and four of the 17 raaar test modules to conduct the DSTE sell-off. The 
sell-off modules are listed as follows: 

1. COMMUNICATIONS MODE 

Forward Link Acquisition Time Test 

Communications Mode Target Acquisition and Track Test 

2 . RADAR MODE 

Radar Rower Up/Down Consumption Test 
Antznna Obscuration Zone Test 
Antenna Stabilization Test 
Radar Target Track Test. 

By examining the Rockwell specification versus the DSTE test 
module matrix, the two communications tests and the four radar tests simply 
do not exercise the Ku-band system or, for that matter, the DSTE to any 
great extent. Granted that many of the DSTE components had been used for 
the LRU ATP's, it is the o: inion of Axiomatix that a more extensive sell- 
off procedure is required. 

7 . i \ . C on c l_u sion s / Re c omn io n da t. ion s 

The 31 test modules provide a good cross-section of tests with 
which to exercise the Ku-band system. However, based on the test modules 
currently available, the DSTL is very limited when being used to verify 
the Ku-band system performance as per the Rockwell specification. Addi- 
tional test modules or utilizing the MCP mode would greatly increase the 
present capabil ities. 
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Because reviewing the software In great detail would be too 
costly and time-consuming and because the modules are for developmental 
testing, some Interpretation and judgments were used In generating the 
matrix. While Hughes may take exceptions to the matrix In some areas, 
Axlomatlx feels that the matrix Is fairly representative of the test 
module capabilities. 

The matrix Is shown In section 7.5 but, before discussing It, 
some explanations are required. The Rockwell specification paragraphs 
are listed along the left-hand side and the communications or radar tests 
are listed across the top. Listed along the right-hard side are the ver- 
ification methods required per the Rockwell specification. Of special 
interest is the column just to the left of the test module columns which 
indicates whether or not the test module completely tests a particular 
Rockwell paragraph. 

The reader must be cautioned that, because numerous asterisks 
appear in the "not completely tested by the development test module" col- 
umn, this does not mean that requirement never gets tested. It simply 
means that the test module itself does not completely test the paragraph. 

In reviewing the matrix, it is evident that the test modules do 
not completely verify system performance with respect to the Rockwell 
specification. It must be noted, however, that the DSTE may be placed in 
a manual mode. 

This manual mode is accomplished by loading the Manual Control 
Program (MCP) into the computer; new the test operator is allowed to man- 
ually key-in test parameters and commands. In conversations with various 
personnel, it has been stated that, with this manual mode, the DSTE can 
simulate almost any Ku-band function or operating situation. 

Since the test modules were never really intended to be used to 
verify the entire system performance, the manual mode or, perhaps, addi- 
tional test modules should be explored in more detail. Unfortunately, 
at this time, there appears to be no document which fully describes the 
DSTE capabilities. While the present test modules seem inadequate to 
fully verify system performance as required per the Rockwell specifica- 
tion, generating new modules or utilizing the MCP so that parameters and 
commands may be input manually would increase the present DSTE performance 
capabil ities. 
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It Is recommended that a DSTE capabilities document be generated 
by Hughes which discusses In detail the DSTE performance characteristics. 
With this document, the DSTE end users, NASA and Rockwell, could more eas- 
ily generate new tests to meet specific needs. 

It Is further reconmended that TP32090-001 , "Subsystem Develop- 
ment Test Procedure for the Ku-Band Integrated Radar/Communications Equip- 
ment," be expanded to include a more detailed test description. The reader 
and test module user will now have a better understanding as to exactly 
which Ku-band modes are really tested by the module. 

A major area of concern is the DSTE sell-off procedure. In 
Axiomatix's opinion, the present procedure is inadequate, and it is rec- 
ommended that a more detailed sell-off procedure be used. 
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8.0 

8.1 


SYSTEM TEST EVALUATION 
Introduction 


At por NASA Contract KAS 9-15795A, Tauit 3. this section reviews 
and evaluates the data obtained by Hughes Aircraft Company (HAC) during 
the Ku-band system testing. The Hughes testing Involved verifying the 
performance of the Ku-band system, composed of the EA-1, EA-2, SPA and 
OA LRU's, by utilizing the system test equipment (STE). 

To perform system testing, Hughes has manufactured three sets 
of test equipment. One set, the STE, will be retained by Hughes. The 
second and third sets, referred to as the deliverable system test equip- 
ment (DSTE), will be delivered to the Avionics Development Laboratory 
(AOL) at Rockwell, Downey, and to the Electronic System Test Laboratory 
(ESTL) at JSC, Houston, respectively. 

The STE and ESTL DSTE are both the same configuration, whereas 
the ADL DSTE has a slightly different configuration. All three sets of 
test equipment are semiautomatic and computer controlled with a number 
of test programs, known as test modules, that may be loaded Into the 
respective computers via a floppy disk. The reader should reference 
section 7.0 for a more detailed description of the DSTE and test module 
capabilities. 

Hughes has also manufactured two sets of LRU's— one set for 
the ADL and the other set for the ESTL. This section will review the 
ADL Ku-band system tests as conducted with the STE by Hughes. 

8.2 Approach 

The system tests were based upon Hughes document TP32090-001 , 
"Subsystem Development Test Procedure for the Ku-Band Integrated Radar/ 
Communications Equipment," dated October 23, 1979. This test procedure 
and the 31 test modules It describes have previously been reviewed and 
the result, disclosed In Section 7.0 

The reader should also review section 8.5, which Is composed 
of matrices comparing the Ku-band system requirements as detailed In 
Rockwell document MC409-0025, "Int-grated Communications and Radar Equip- 
ment, Ku-Band," Rev. B with changes, dated July 21, 1978, to the 31 test 
modules described In TP32090-001 . These matrices will provide the basis 
for the remainder of this report. 


226 


The approach Involved discussions with cognizant Rockwell and 
Hughes personnel to determine which tests from TP32090-001 and which 
additional tests were used by Hughes for system verification. After as- 
certaining which tests were conducted, the section 7.5 matrices were used 
to determine the Rockwell Rev. B specification paragraphs substantiated 
by Hughes. 


8.3 Findin gs 

Hughes document TP32090-001, along with the test modules, 
were originally developed for system development tests and were never 
Intended for system verification. Once system testing was required of 
Hughes, the already developed test modules provided a number of reason- 
able system tests. To prepare new test modules specifically designed to 
verify the Rockwell Rev. B specification would have been costly and 
time consuming. 

The Initial plan for system verification, therefore, was to 
run the 31 test modules, 14 communications mode tests and 17 radar mode 
tests, as outlined In TP32090-001. As the tests progressed, a numter 
of software and hardware problems developed with the test equipment and. 
In addition, some LRU problems also developed. Because of these prob- 
lems, the number of tests were reduced by the mutual consent of Rockwell 
and Hughes personnel. Also, some tests were conducted manually Instead 
of computer controlling the STE with a test module. 

A total of eight communications mode test modules, six radar 
mode test modules and six additional tests were used for system 
verification. 

8.3.1 Communications Mode System Verification Test Modules 

As previously mentioned, eight of the 14 communications mode 
test modules were used. Detailed test descriptions are Included In 
Appendix A and, therefore, the eight tests will be listed as follows 
with the appropriate Section 7.0 reference paragraphs: 


2*7 


1. Communl cations power up/down 
consumption 

2. Forward link signal strength test 

3. Forward link tracking threshold test 

4. Forward link BCR tests 

5. BER test (return link) 

6. Communications mode obscuration zone 
test 

7. Communications mode antenna stability 
test 

8. Communications antenna scan volume 


Reference 

Paragraph 

7.3.1. 1.1 

7. 3. 1.1. 3 

7.3. 1.1. 4 
7.3. 1.1. 6 
7.3.1. 1.8 

7.3.1.1.10 

7.3.1.1.11 
7.3.1.1.14 


The ADI LRU's eventually passed the eight comnunl cat Ions mode tests; 
however, some tests were modi flea. Because cf problems with the STE 
SPA data generator, both the forward and return link BER tests were 
changed. Tests equivalent to those described In paragraphs 7. 3. 1.1. 6 
and 7. 3. 1.1. 8, were conducted using a Hewlett-Packard data generator 
and the BER detector. 

The forward link tracking threshold test, as discussed In 
paragraph 7.3.' .1.4, was rot completely run. Only Costas loop data 
was gathered, with no PN loop threshold data being collected. 

The cornnuni cation tests used for system verification have been 
Identified on pages 5 - 7 of section 8.5, the Ku-band subsystem tests 
cross-reference matrix. This matrix references the test modules to the 
Rockwell Rev. B specification. 

8.3.2 Radar Mode System Verification Test Modules 

As stated earlier, six of 17 radar mode tests were utilized. 
Detailed test descriptions are Included In section 7.5 and therefore the 
six tests will t>e listed as follows with the appropriate section 7.0 
reference paragraphs. 

Reference 

Paragraph 

1. Radar power up/down consumption test 7. 3. 1.2.1 

2. Antenna obscuration zone test 7. 3. 1.2. 4 

3. Antenna stabilization test 7. 3. 1.2. 5 
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4. Radar waveform test 7. 3. 1.2. 8 

5. Radar range accuracy test 7. 3. 1.2. 9 

6. Radar range rate accuracy test 7.3.1.2.10 

The ADL LRU's passed the six radar mode tests. There were some Initial 
problems with the range and range rate tests but the LRU's passed the 
tests after the STE was placed In the manual mode. In addition, the 
radar waveform tests were also conducted manually. 

The radar tests used for system verification have been identi- 
fied on pages 1-4 of section 8.5. Notice that no angle-tracking tests 
were performed since the new servo design has not been Implemented. 

8.3.3 Additional System Verification Tests 

Besides the eight communications mode and six radar mode tests, 
six additional tests were also conducted. While no definitive test pro- 
cedure exists at this time, each test will be briefly described as 
follows: 

1. The power consumption of each LRU while In various system 
operating modes was measured. 

2. The ability to hold track in the active mode with a target 
at 300 nmi accelerating directly towards the system was verified. 

3. In the passive mode, the target size was changed in a step 
function manner to determine the change magnitude required to break track. 

4. With the system in angle tracking, a small jerk in a or 0 
was introduced to determine the system response. 

5. Proper TWT bypass operation was substantiated. 

6. The system was placed in AUTOTRACK and proper scan and 

acquisition wore ascertained. 

Tests 2 through 6 were conducted primarily out of curiosity by the test 
personnel to observe the system response. Hughes is presently document- 
ing these test results and producing a more definitive test procedure 
for future use. 
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8 . 4 C onclusions/Recom men da t i ons 

As already mentioned In Section 7.0, the 31 test modules 
provide a good cross-section of tests with which to exercise the Ku-band 
system, but these tests are very limited when used to verify the Rockwell 
Rev. B specification By examining the matrices In section 8.5, the num- 
ber of Rev. B paragraphs actually substantiated during system tests may be 
determined. 

Because of the existing servo problem, no radar mode target 
acquisition, antenna scan volume, target track or angle track tests and 
no communications mode target acquisition, forward link acquisition time 
or slew tests were conducted. Additionally, while the Costas loop track- 
ing threshold was measured, the PN tracking threshold was not determined. 

If compliance to the Rockwell Rev. B specification was to have 
been confirmed during system tests, then the tests were very superficial 
since only a small number of Rev. B paragraphs were verified, as shown In 
the section 8.5 matrices. If the purpose of the system tests was to gain 
additional confidence that the system was functioning, the tests served 
their purpose. 

It is Axiomatix's opinion that, at some time, compliance 
to the Rockwell Rev. B specification must be demonstrated, and the longer 
it takes for this demonstration, the more potential exists for serious 
system problems. It is recoimiend' d that additional test modules be gen- 
erated for the STE and DSTE's which are capable of specification com- 
pliance verification. 

Once the present servo proolem has oeen resolved, It will be 
imperative to conduct detailed system tests immediately to determine 
tnat the new servo functions properly. It is recommended that the servo 
redesign and testing be closely monitored since servo performance Is so 
critical to the system operation. 
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9.0 LRU INTERCHANGEABILITY 

The purpose of this soctlon Is to report the findings of the 
Ku-band LRU Interchengeeblllty study. The Ku-band communications end 
radar system consists of four LRU's: EA-1, EA-2, SPA and DA. Each LRU 
Interfaces with eech of the other three LRU's (except that the EA-2 does 
not Interface with the SPA) and with the Orblter. The Interfaces consist 
of digital data, digital control pulses, discrete commands, discrete sta- 
tus signals, analog Information, RF signals and LRU power. 

Figures 47 to 55 show the various Interfaces between each of the 
LRU's and between each LRU and the Orblter. Each figure Indicates the 
signal name, type of signal and corresponding LRU connector number. 

Because of the sheer number and complexity of the Interfaces and, since the 
LRU Is the basic building block of the Ku-band system, It must be assured 
that each LRU will be Interchangeable with another similar LRU. 

9.1 Approach 

The approach for completing the LRU Interchangeability study 
was to examine each of the signal interfaces shown In Figure 47 to 55 
using five documents for baseline Information. The five documents are: 

(1) Rockwell specification MC409-0025, Revision B, "Integrated 
Communications and Radar Equipment, Ku-Band." 

(2) Hughes specification DS32012-020, November 13, 1978, 
"Development Specification Radar/Communications A Electronic Assembly, 

Part 1 for the Ku-Band Integrated Radar and Communications Equipment" (EA-1). 

(3) Hughes specification DS32012-022, Revision B, September 19, 
1980, "Development Specification, Radar/ Communications Electronic Assembly, 
Part 2 for the Ku-Band Integrated Rai'ar and Cownun leaf. Ions Electronic 
Assembly, Part 2 for the Ku-Band Integrated Radar and Communications Equip- 
ment" (EA-2). 

(4) Hughes specification DS3201 2-0 1 1 , Revision A, November 3, 

1980, "Development Specification Signal Processor Assembly for the Ku- 
Band Integrated Radar and Comnunl cat Ions Equipment" (SPA). 
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(5) Hughes specification 0S3201 2-031 • Revision A, October 13, 
1980, "Development Specification, Deployed Assembly for the Ku-Band Inte- 
grated Radar and Conmuni cations Equipment" (DA). 

All five documents listed reflect the latest system changes with the excep 
tlon of the EA-1 LRU specification which Is still being updated by Hughes. 

Each Interface was compared with applicable LRU and/or Orblter 
specifications to determine electrical compatibility by verifying that the 
document describing the signal output was consistent with the document 
specifying the signal Input. Since electrical compatibility was the ob- 
jective of this study, only Interface parameters such as Input/output 
Impedances, rise/fall times, proper voltage levels and proper power levels 
were compared. Performance parameters such as SNR, BER, spurious products 
and phase noise were not included in this study since performance param- 
eters are verified during development, acceptance and qualitative testing. 
Therefore, this study centered on examining the electrical compatibility 
of all the interfaces. 

9.2 Findings 

In the process of examining the various signal interfaces, a 
number of assumptions were made. The first assumption concerned the tol- 
erances associated with the voltage levels defining a logic ”0" and a 
logic “l". In the SPA and EA-1 LRU specifications, the actual interface 
circuits are not illustrated whereas, in the DA and EA-2 LRU specifica- 
tions, most of the actual circuits are shown. Where the circuit is actu- 
ally shown, as in the case of the DA and EA-2 documentation, it was 
assumed that the interface driver and receiver would function ever volt- 
age tolerances of the logic "1" and "0." For example. Figure 56 illus- 
trates the electro-optical receiver used in a number of the EA-2 inter- 
faces. It is assumed that the device will function over the logic "1" 
voltage range of +28 + 4 VDC based on the fact that devices such as the 
electro-optical receiver have known characteristics which have been docu- 
mented by the manufacturers and verified by test. 

However, where the actual circuit is not illustrated, as in the 
case of the SPA and EA-1 LRU documentation, a potential problem is flagged 
when an apparent incompatibility exists. For example, there is a conflict 
in the requirements defining the signal OPERATE STATUS KuA between the DA 
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Input 



Signal Ch aracteristics 

Amplitude: High State (1) - 28 ± 4 Volts 

Low State (0) - Open Circuit 
Rise Time: < 20 ms 

Fall Time: < 10 ms 

Impedance: Source - < lOOn 

Load - > 3.3 Kn 


Figure 56. Electro-Optical Receiver for +28 V Discretes 
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and the EA-1. The DA specification states that the logic "0" supplied to 
the EA-1 will be an open circuit, but the EA-1 specification states that 
the logic "0" will be 0-2.5 VDC. Since the Interface circuit diagram Is 
not readily available to Axlomatlx at this time, It Is not known If the 
EA-1 will function properly while supplied with an open circuit Instead 
of a low Impedance voltage level for logic "C." Hence, when situations 
just described arose during the Interface study, a potential problem was 
flagged. 

In examining the various Interfaces, Axlomatlx felt It was use- 
ful to Identify certain electrical parameters as critical parameters that 
should be measured. While all parameters defining an Interface are Impor- 
tant, the second assumption In this report Is that. In Axiomatlx's opinion, 
some electrical parameters may be deemed critical while others are not. 

For example, the logic "1" and "0" voltage tolerances as previously dis- 
cussed are important but, since the driver and receiver have already been 
characterized, it Is assumed that the interface will function over the 
voltage tolerance range. Hence, the voltage tolerances are assumed to be 
noncritical electrical parameters. 

On the other hand, the LINEAR AGC signal between the EA-2 
and the DA has a specified dynamic range. In this report, the LINEAR AGC 
has been identified as a critical electrical parameters and the interface 
should be tested to verify that the output voltage covers the full dynamic 
range. 

Another example of critical and noncritical electrical param- 
eters as defined in this report is the logic timing of the EA-2 serial data 
output to the EA-1 with respect to the EA-2 data cover pulse. The logic 
timing is obviously very critical for system performance but, for the pur- 
pose of this report (which is to verify the electrical interface compati- 
bility), the logic timing was deemed noncritical since the timing has been 
demonstrated by previous testing and analysis. 

The purpose of identifying critical electrical parameters is to 
identify areas where an interface should be exercised over its full range 
to guarantee interface compatibility and, hence, interchangeability. 

The third and last assumption deals with the five previously 
mentioned documents used in this study. 3oth the Hughes LRU specifications 
and the Rockwell requirements specify the inter-LRIJ interface but, if a 
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signal Is between two LRU's, the HAC document Is used as the baseline. 

There was no effort In this study to correlate the LRU Interface require- 
ments outlined In the HAC LRU specifications with the same or similar 
requirements listed In the Rockwell LRU specification appendices. If the 
Interface Is between an LRU and the Orblter, the Rockwell document is used 
for defining the Orblter Interface, and the Hughes document Is used for 
defining the LRU Interface. 

Tables 15-23 list all the LRU-to-LRU and LRU-to-Orblter Inter- 
faces, showing the signal source and signal destination along with the 
applicable specification paragraphs. After reviewing each Interface, a 
determination was made as to whether or not the Interfaces are compatible, 
which electrical parameters are critical and, finally. If the critical 
electrical parameters have been measured during Hughes testing. 

The assumptions in dealing with the interface compatibility 
determination and choosing the critical electrical parameters have already 
been discussed To date, Axiomatix has reviewed the SPA and EA-1 CDR LRU 
test data but has not reviewed the DA and EA-2 data. For this reason, it 
is unknown at this time whether or net the critical electrical parameters 
identified in this report have been tested by Hughes for the DA and EA-2. 

By studying Tables 15 to 23, it is readily apparent that there 
are a number of Interface inconsistencies, some of which apply to speci- 
fication or paperwork problems, but some of which are quite serious. 

The most likely candidate for a paperwork-type problem is where the signal 
source supplies an open circuit for a logic "0" but the receiver speclfies- 
a 0-2.5 VDC level. As previously stated, the actual Interface circuit 
schematic was not readily available to Axiomatix at the time of this study. 
Examination of the schematic will resolve the problem, after which, the 
appropriate specification may be cha'ged to accurately describe the 
interface or, possibly, the interface redesigned. 

The more serious interface problems highlighted by this study 
are such items as insufficient drive for the gyros, scale factor mis- 
match for the a and B axis gyro rate data, the scale factor mismatch for 
the linear AGC, the unclear alpha/bet? lobing requirements, the need to 
further characterize the track IF signal and the need to clarify the SPA/ 
Orbiter interface requirements. 
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9.3 Concl utlowt/Rtc wndatlont 

Tables 15*23 provide the results summary for the LRU Inter* 
ch geablllty study. Even though some LRU's are presently functioning as 
a system, the conclusions from Tables 15-23 are that some serious Inter- 
face deficiencies exist which must be corrected In order to assure LRU 
Interchangeability. The conclusion of this study* therefore. Is that, at 
the present tire, the LRU's are not Interchangeable. 

In order to assure LRU Interchangeability, Axlomatlx makes the 
following recommendations: 

• Each Interface discrepancy listed In Tables 15 to 23 must be 
addressed by Rockwell and/or Hughes and resolved. Full resolution Includes 
making the appropriate documentation changes to the Rockwell and/or Hughes 
LRU specifications. 

• In this study, Axlomatlx reviewed only the Rockwell systems spec- 
ification and the four Hughes LRU specifications. Careful attention must 
be given to determine that the LRU's are built per their respective speci- 
fications, and It Is recommended that the development and acceptance tests 
be reviewed to assure hardware conformance. 

• Most Interfaces specify some Input/output voltage tolerance and, 
to assure LRU Interchangeability, the effects of bus voltag. variations 
must be tested. It Is reconmended that the acceptance tests and develop- 
ment test exercise the Interfaces over the bus voltage range of *24 VDC to 
♦32 VDC. The EA-1 ATP already performs some tests as a function of bus 
voltage; however, each ATP should be reviewed In detail to verify that 
such bus voltage tests are conducted and, If so, which Interfaces or per- 
formance parameters are tested. 

The reader should remember that this study examined only elec- 
trlcal compatibility of the Interfaces. The performance parameters will 
be verified by development, acceptance and qualification testing, and 
have not been addressed In this report. 
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10.0 COR DEVELOPMENT TEST EVALUATION 

10.1 SPA API LRU Test Pete Evaluation 

10.1.1 Introduction 

The purpose of this section Is to evelucte end assess the SPA 
AUL LRU test data presented by Hughes Aircraft Company (HAC) on 
September 16-1 7 • 1980. The majority of these tests can be divided Into 
two categories: return link and forward link tests. The test* were con- 
ducted In accordance with HAC preliminary test procedure TP32090-005 and 
were performed at room temperature only. 

The test equipment used to test the SPA AOL LRU Is comprised 
of the following Hughes-hullt test panels: 
e Data generator panel 

a Noise generator panel 

e Demodulator panel 

A brief description of the SPA tester and Its relationship to the SPA LRU 
are discussed In the following sections. 

10.1.1.1 SPA Return Link LRU Test Configuration 

SPA LRU return link tests require the use of all three pre- 
viously mentioned test panels, ri^jre 57 Illustrates the return link test 
setup. 

In LRU testing, the data generator Is the control center. At 
the heart of the data generator Is the PROM-stored program SPAR. Through 
SPAR, all conditions required by the SPA LRU are Initiated automatically, 
depending upon the specific test selected by the operator via the front 
panel. These conditions Include: (1) serial data, (2) GCILC (discrete) 

commands, (3) charnel selection, and (4) the data for each channel. The 
data Is then sent to the SPA LRU. 

The 1.R75425 GHz RF signal at the SPA output Is sent to the SPA 
demodulator test panel where It Is demodulated back to baseband, then 
returnee' to the data generator (for monitoring purposes) and to the BER 
generator (for bit detection). 

The BER noise generator, under the direction of SPAR, performs 
all the necessary switching to channel the demodulated signal and the 
noise through tho aopropriate summer and bit detector. 

Before bit detection, the signal and noise are adjusted to the 
desired levels via <-ontrols on the front panel of the BER noise generator. 
The bit-detected signal leaves the BER noise generator to return to the 



Figure 57. SPA lRU Test Configuration 
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data generator, where It Is compared to the adjustable delayed reference 
data. After comparison, the errors are channeled to the front panel of 
the data generator, where they are counted with an external counter. 

10.1.1.2 SPA Forward Link LRU Test Configuration 

The test setup shown In F1gure58 Is used to verify the perfor- 
mance and functional requirements of the SPA forward link. The tester 
generates a 216 kbps blphase-L signal for \nput to the SPA; data, clock 
and frame synchronization lock status SPA output signals are monitored at 
the tester to verify data and clock quality. 

10.1.2 ADL SPA Test Data 

Hughes utilized six tests to successfully verify the management/ 
handover logic. The six tests are listed as follows: 

(1) HAC test 000 - Q Test 

(2) HAC test 0G 1 • Transmit Enable Test, Comm A On 

(3) HAC test 002 - Transmit Enable Test, Comm B On 

(4) HAC test 003 - Transmit Enable Test, Handover 

(5) HAC test 004 - Data Present Test 

(6) HAC test 006 - Modulation On/Off Test 

The majority of the tests, however, concentrated on the return and forward 
links. 


10.1.2.1 SPA ADL LRU Return Link Data 

Figures 59 through Illustrate the signal paths used to verify 
return link performance and also briefly describe each test. In addition, 
each figure Indicates the data rate and hexadecimal data utilized for that 
test, along with the data rate ranges which each input is required to 
process. 

Hughes tested all the various signal combinations and, except 
for one case (16 kbps, mode 2), exercised each channel at minimum and max- 
imum data rates and analog frequencies. Of the 30 return link tests, the 
SPA passed 20, but failed 10. Table 24 summarizes the return link test 
failures. 
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| SPA Return Link Functional Block Diagram _ __ 

Test 005 

Purpose: To verify spectral purity ot 1.875425 GHz with PH Modulation. 

Results: Passed 
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API - Attached Payload Interface 
BPF - Bandpass Filter 
CCTV - Closed-Circuit Television 
HOP. - High Data Rate 
LDR - Low Data Rate 
LPF - Lowpass Filter 
NSP - Network Signal Processor 
OPS - Operations 
PI - Payload Interrogator 
PL - Payload 

PSP - Payload Signal Processor 
Note: 


L_ SPA 

Tests: 

Purpose: 


Results: 


(1) Test 006 was conducted during 
management/handover logic tests 

(2) There were no tests 008 & 009. 


Return Link Functional Blflgk Diagram _J 

007, 010, Oil, 012 

(1) Statically measure the spectral power density out of the QPSK modulator 
to verify the 80/20 power mtlo 

(2) Perform transmission and reflection measurements so that various network 
parameters such as gain, attenuation. Insertion loss, SWR, return loss 
and impedance may be calculated from the data 

Failed, improper phase states and VSWR 

Ch. 2 Data Ch. 3 Data ** 

<ff)i 6 
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Test Oil 
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(00)16 
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Figure 60 - 
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API - Attached Payload Interface 
BPF - Bandpass Filter 
CCTV - Closed-Circuit Television 
HDR - High Data Rate 
LDR - Low Data Rate 
LPF - Lowpass Filter 
NSP - Network Signal Processor 
OPS - Operations 
PI - Payload Interrogator 
PL - Payload 

PSP - Payload Signal Processor 


L_ SPA Return Link Functional Block Diagram _ _J 

Test 013 

Purpose: (1) Evaluate the FM baseband generator and QPSK Modulator perfonaance 
by comparing demodulated aata with the input data. 

(2) Verify proper switching and interfacing by Managem e nt/ handover. 

Results: Passed. 
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Test 014 
Purpose: 
Result: 


Same as Test 013 

Hughes states that the SPA passed this test. The test data indicates 
that the unit failed since the measured fall time was 900 ms but 
should have been < 600 ms. 


Figure 62. 
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Test 015 

Purpose: (1) Evaluate the FM baseband generator and FM Modulator overall per- 

formance by comparing demodulated data with the Input data. 

(2) Verify proper switching and Interfacing by management/ handover. 

Results: Passed 

♦ 

Note: Minimum required Input rate Is 25.5 kbps for the OPS re co rder. This test 

was conducted by 24.0 kbps; however, the minimum required Input rate Is u! 

16.0 kbps for Channel 2, and Channel 2 node 2 was not exercised at that 
low rate. 


Figure 61. 
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API - Attached Payload Interface 
BPF - Bandpass Filter 
CCTV - Closed-Circuit Television 
HDP - High Data Rate 
LOR - Low Data Rate 
LPF - Lowpass Filter 
NSP - Network Signal Processor 
OPS - Operations 
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PL - Payload 

PSP - Payload Signal Processor 
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Test 016 

Purpose: Sane as Test 013 
Result: Passed 
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Figure 64. 
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HDR - High Data Rate 
LDR - Low Data Rate 
LP r - Lowpass Filter 
NS P - Network Signal Processor 
OPS - Operations 
PI - Payload Interrogator 
PL - Payload 

PSP - Payload Signal Processor 
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and 019 


| SPA Return Link Functional Block Diagram 

Tests 017 and 020 Note: 

Purpose: Same as Test 013 

Result: Passed 

Test 017 conducted at 24.0 kbps. 
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, SPA Return Link Function^] Block Diagram _] 

Tests 021 and 02? 

Purpose: Same as Test 013 

Results: Passed, but Test 02? results state that the output is 2.4V p-p; however, 

the oscilloscope traces indicate that the output Is actually 4.8V p-p. 

Test 021 - Data rate 16 kbps 

Test 022 - Data rate 2000 kbps ^ 


Figure 66. 
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API - Attached Payload Interface 
BPF - Bandpass Filter 
CCTV - Closed-Circuit Television 
HDR - High Data Rate 
LDR - Low Data Rate 
LPF - Lowpass Filter 
NSP - Network Signal Processor 
OPS - Operations 
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PL - Payload 

PSP - Payload Signal Processor 
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Purpose: Same as Test 013 
Resul ts : Passed 
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Figure 67. 
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BPF - Bandpass Filter 
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LPF - Lowpass Filter 
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| SPA Return Link Functional Block Diagram . I 

Tests 025 and 026 

Purpose: Evaluate the QPSK modulator I channel overall performance by comparing 

the demodulated data with the input data. 

Results: Passed 

Test 025 - D?ta input 2 Mbps 

Test 026 - Data input 50 Mbps “* 


Figure 69. 
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Test 027 

Purpose: Same as Test 015 

Results: Failed; voltage output 1-3V p-p, but should be >1-8V p-p. 


Figure 70. 
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API - Attached Payload Interface 
BPF - Bandpass Filter 
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LPF - Lowpass Filter 
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Test 030 

Purpose: (1) Measure incidental FM and AM of the baseband generator and FM Modulator. 

(2) Take a mode 2 frequency response 

(3) Measure FM deviation 

(4) Measure static linearity of the FM VCO 

Results: Failed— (1) excessive incidental AM 

(2) nonuni form frequency response, +4.2 dB at 550 kHz. 

S 

Note: There were no tests 028 and 029. ® 
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Test 032 

Purpose: Sane as Test 030 
Results: Passed 
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Figure 73. 
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Test 033 

Purpose: (1) Evaluate the >M baseband generator and FM modulator overall per- 

formance using a composite video waveform. 

(2) Measure differential phase and gain oistortion using a composite 
video waveform. 

(3) Measure linearity distortion in mode 2 using a sin 2 pulse and 
bar as a source. 

Results: Failed; differential gain, differential phase and 2C offset are out 
of specification. 


Figure 74. 
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Test 034 

Purpose: Verify mode 2 Is off when "HDR OFF" Is selected. 
Results: Passed 


Figure 75. 
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Test 035 

Purpose: (1) Evaluate the FM baseband generator and QPSK modulator 

by comparing the demodulated data with the Input data. 
(2) Evaluate the effect of crosstalk 

Results: Passed 
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Figure 76. 
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Test 036 

Purpose: Sane as Test 035 
Results: Passed 


Figure 77. 
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Test 037 

Purpose: Sa*e as Test 035 
Resul ts : Passed 


Figure 78. 
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Test 040 
Purpose: 


as Test 035 


Results: Hughes states that unit failed, but test data Indicates 
that unit passed. 


Figure 79. 
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Test 041 

Purpose: (1) Evaluate the FM baseband generator and FM Modulator overall par 

foraunce by comparing demodulated data with input data 
(2) Evaluate the effect of crosstalk. 

Results: Failed; output voltage amplitudes < 1.8V p-p. 
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Test 042 

Purpose: Same as Test 041 

Results: Failed; (1) Channel 3 distortion and output voltages out 

of specification 

(2) Channels 1 and 2 DC offsets 2-5 VDC. but should 
be 0.8 to 2.4 V. 


Figure 81. 
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Test 043 

Purpose: Same as Test 015. CDR test results 


Purpose: Same as Test 015. CDR test results package Indicates that test 

purpose Is the same as Test 013, but this Is Incorrect. 

Results: Passed 


Figure 82. 
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Table 24. SPA ADL LRU Return Link Test Failure Summary 


Hughes 

Test 

Number 

Test 

Purpose 

Failure 

007,010, 
011,012 
Reference 
Figure 4 

1. Statically measure the QPSK spectral ^ower density out- 
put to verify proper 80/20 power ratio. 

2. Perform transmission and reflection measurements so 
that various network parameters such as gain, attenua- 
tion, insertion loss, SNR, return loss and impedance 
may be calculated from the data. 

Phase state and VSWR out of speci- 
fication. Failure is believed due 
primarily to level incompatibility 
between the FM baseband generator 
mode 1 output and the QPSK mode 1 
input. The problem is under inves- 
tigation. 

014 

1. Evaluate the FM baseband generator and QPSK modulator 
overall performance by comparing the demodulated data 
to the input data. 

2. Ve t \ / proper switching and interfacing by 
management/handover. 

Hughes states that the SPA passed 
this test. The test data indicates 
that the unit failed since the mea- 
sured fall time was 900 ms, but 
should have been < 600 ms. 

027 

1. Evaluate the FM baseband generator and the FM modula- 
tor overall performanca by comparing the demodulated 
data to the input data. 

2. Verify proper switching and interfacing by 
management/handover. 

Voltage output 1.3V p-p, but should 
be > 1.8V p-p. 

030 

1. Measure incidental FM and AM of the baseband generator 
and the FM modulator. 

2. Take a mode 2 frequency response 

3. Measure FM deviation 

4. Measure static linearity of the FM VCO. 

1. Incidental AM out of specification. 

2. Mode 2 frequency response is not 
flat; output is between 3.4V p-p 
and 3.6V p-p from 40 Hz to 4 Hte 
but there is a 5.5V p-p peak at 
550 kHz. 













Table 24. SPA ADL LRU Return Link Test Failure Sunaary (Cont'd) 


— 

Hughes 

Test 

Number 

Test 

Purpose 

Failure 

033 

— 

1. Evaluate the FM baseband generator and the FM modulator 
overall performance using a composite video input 
waveform. 

2. Measure the differential phase and gain distortion 
using a composite video input waveform. 

3. Measure linearity distortion in mode 2 using a 
sin2 and bar as a source. 

Differential gain, differential phase 
and DC offset out of specification. 

040 

1. Evaluate the FM ba -eband generator and the QPSK modula- 
tor overall performa ice using the demodulated data with 
the input data. 

2. Evaluate the effect of crosstalk between the channels. 

Hughes states that t».-s unit failed 
but the test data Indicates that the 
unit passed. 

041 

1. Evaluate the FM baseband generator and the FM modulator 
overall performance by comparing the dcriOuulated data 
to the input data. 

2. Evaluate the effect of crosstalk between the channels. 

Output voltage amplitudes < 1.8V p-p. 

042 

Same as test 041 . 

1. Channel 3 distortion and output 
voltage level out of specification. 

2. Channels 1 and 2 DC offsets are 
2.5 VDC but should be 0.8-2. 4 VDC. 


N 

S 
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In addition to the 10 test failures, there were a number of Input 
parameters which were not varied during the testing. For example, all 
data Input signals are characterized In the Rockwell Rev. B specification 
In such terms as rise and fall times, amplitude and common mode voltage 
levels, etc. However, none of these parameters were varied during testing 
and , therefore , It Is still unknown If the SPA will meet specification when 
the signal Input tolerances are taken Into account. Table 25 summarizes 
those return link Input signal parameters which were not varied over their 
respective tolerance ranges. 

Also, a number of output parameters were not measured. For 
example, the primary SPA output signal Is 1.87 GHz to the DEA, but that 
signal was not measured during the ADL tests In terms of frequency offset, 
Incidental AM, FM and PM, spurious products and frequency offset. Unfor- 
tunately, the Rockwell specification lists "TBS" for many of the parameters. 
Reference Table 26 for a suninary of the nonmeasured return link output 
parameters. 

10.1.2.2 SPA ADL LRU Forward Link Data 

Figures 83 through 98 illustrate the signal paths used to ver- 
ify forward link performance and also briefly describe each test. In addi- 
tion, each figure indicates the data rat' utilized for that test, along 
with the data rate ranges which each input is required to process. 

Hughes tested all the various signal combinations. Of the 16 
forward link tests, the SPA passed all but one test. Table 27 lists the 
one forward link test failure. 

Hughes measured and characterized the output signals In terms of 
amplitude, rise and fall times, phase jitter and duty cycle. The output 
data met all the requirements .isted in the Rockwell Rev. B specification. 

As with the return link tests, there were a number of input 
parameters in the forward link tests which were not varied during testing 
and, therefore, it is still unknown if the SPA will meet specification 
when the signal input tolerances are taken Into account. Again, some tol- 
erances are unknown because some parameters are listed as "TBS" in the 
Rockwell document. Table 28 summarizes those forward link input signal 
parameters which were not varied over their respective tolerance ranges. 
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Table 25. SPA Input Signal Parameters Not Varied Over Their 
Respective Tolerance Ranges to Determine the Effect 
on Return Link Performance 


I. HIGH DATA RATE PAYLOAD MAXIMUM DIGITAL DATA AND CLOCK INPUT TO SPA 

1. Data and clock M l" and H 0" voltage ranges* 

2. Data and clock SNR 

3. Data rise and fall times 

4. Clock phase jitter 

5. Data and clock frequency jitter 

6. Data-to-clock phase offset 

7. Asynmetry 

1 1 . SPA PAYLOAD DATA INPUT FROM PAYLOAD INTERROG ATORS 1 AND 2 

1. Differential signal levels 

2. Offset voltage 

3. Common mode voltage 

III. SPA RETURN LINK A p E^JiONAj-_ JDATA INPUT FROM NSP's 1 AND 2 

1. Signal amplitude 

2. Rise and fall times 

3. Input data jitter 

4. Common mode voltage 


I V . PAYLOAD RECORD ER DI GITAL DATA I NPUT TO _S PA 

1. Signal level 

2. Rise and fall times 

3. Blt-to-blt jitter 

4. Bit jitter and data asymmetry 

5. Common mode voltage 


Future tests to verify the convolutional encoder bit detactor redesign 
performance will vary the input signal voltage levels 


Table 25. (Cont'd) 
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V. OPERATIONAL RECORDER DIGITAL DATA INPUT TO SPA 

1. Signal level 

2. Rise and fall times 

3. Blt-to-blt Jitter 

4. Jitter and asymmetry 

5. Common mode voltage 

VI. SPA ORBITER CLOSED-CIRCUIT TELEVISION (CCTV) INPUT FROM 

VIDEO SUITCH'INCDRTT 

1. Ability of SPA to handle standard video signal has not been 
demonstrated. 

VH. LOW DATA RATE PAYLOAD DATA INPUT TO SP A 

1. Signal level 

2. RMS SNR 

3. Rise and fall times 

4. Frequency jitter 

5. Common mode voltage 

VIII. LOW DATA RATE PAYLOAD DATA INPUT TO SPA 

1. Signal level 

2. RMS SNR 

3. Rise and fall times 

4. Frequency jitter 

5. Common mode voltage 

IX. HJGH DATA RATE^ PAYLOAD ANALOG D ATA INPU T T0J>PA 

1. Bandwidth 

2. Signal level 

3. SNR 

4. Phase jitter 

5. Cotmon mode voltage 
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Table 26. SPA Return Link Output Signal Parameters Not Measured 

I. SPA IF CARRIER OUTPUT TO DEPLOYED ASSEMB LY 

1. Center frequency 

*2. Maximum Frequency Offset 

*3. Frequency stability (short-term/long-term) 

M. Level (unmodulated) 

*5. Modulation bandwidth 

*6. Incidental phase modulation- -mode 1 

*7. Incidental FM modulat1on--mode 2 

*8. Incidental amplitude modu1at1on--mode 1/mode 2 

*9. Spurious products: 

In-band— mode 1/mode 2 
Out-of-band— mode 1/mode 2 

I i . SPA SERIAL DIGITA L STATUS DATA OUTPUT TO EA-1A AND EA- 1B 

1. Most parameters are listed as "TBS" In Rockwell specification 

2. Rise and fall times 

III. REFERENCE FREQUENCY INPUT TO SPA FROM EA-1A AND EA-1B 

1. Most parameters are 1 1 -ted as "TBS" in Rockwell specification 
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SPA Forward Link Functional Block Diagram - Special Mode (Mode 2) 
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Purpose: Same as Test 051 

Input Data: 1/0 pattern 

Results: Passed 



Figure 91. 
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Table 27. SPA AOL LRU Forward Link Test Failure Surmary 


Hughes 

Test 

Number 

Test Purpose 

Failure 

044 

Verify all the various combina- 

Failed synchronization, with one 


tions of the frame synchroniza- 

error occurring In any of the last 


tion pattern. 

four bits. 
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Table 28. SPA Input Signal Parameters Not Varied Ove~ Their 
Respective Tolerance Ranges to Determine the Effect 
on Forward Link Performance 


I. FORWARD LINK COMMUNICATIONS DIGITAL DATA INPUT FROM EA-1A AND EA-1B 

1. Signal level 

2. Rise and fall times 

3. Jitter 

4. Zero offset 

II. SPA DATA TRANSFER CLOCK INPUT FROM EA-1A AND EA-1B 

1. Rise and fall times 

2. Phase Jitter (TBS In RI Spec) 

3. Phase offset (TBS In RI Spec) 

III. SPA CONTROL DATA COVER PULSE INPUT FRO M EA-1 A AND EA-1B 

1. Host parameters are listed as "TBS" In RI specification 

2 . Rise and fall times 

IV. SP A STATUS COVER PULSE INPUT FROM EA-1A AND EA-1B 

1. Most parameters are listed as "TBS" In Rockwell specification 

2. Rise and fall times 
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10.1.3 Conclu*1on*/Recommendat1on* 

In general, the SPA ADL LRU teats w ere fairly thorough. All 
tha possible Input signal combinations and tha minimum and maximum data 
ratas (axcapt for ona casa) were tastad and varlflad. Tha forward link 
digital output signal paramatars wara maasurad and found to maat tha Rock- 
wall requirements. 

Aftar evaluating tha test data, Axlomatlx has four concerns, 
listed as follows: 

1. Host of tha return link failures are very serious In 
nature and must be resolved as rapidly as possible. Axlomatlx recommends 
that Hughes respond to each of the failures listed In Tables 24 and 27, 
Indicating the corrective action and submitting additional test data. 

2. The return link output signals (reference Table 26) have not 
been adequately measured. Axlomatlx recommends that Rockwell update the 
Ku-band specification to eliminate all TBS's and that Hughes supply addi- 
tional test data. 

3. The effects of Input signal tolerance variations on return 
link and forward link performance are unknown. It Is possible for toler- 
ance variations to have a very serious Impact on system performance. 
Axlomatlx recommends that additional data be supplied, either In the form 
of previous SRU data or new test data, to verify the effects of signal 
variations (reference Tables 25 and 28). 

4. The minimum mode 2 return link data rate, 16 kbps, was not 
tested. Axlomatlx recomnends that future tests include 16 kbps for mode 2 
return link. 
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10.2 EA-1 LRU COR Test Date Evaluation 

10.2.1 Introduction 
The purpose of this section Is to evaluate and assess the EA-1 

LRU CDR test data presented by Hughes Aircraft Company (HAC) on August 25, 
I960. Figure 99 Illustrates the various EA-1 Input and output signals. 

The COR test data evaluation task Involved ensuring that each signal path 
was adequately tested. 

The COR test data was gathered from both the ADL EA-1 LRU and 
the ESTL EA-1 LRU, with Hughes utilizing three categories of tests. These 
three test categories are as follows: 

(1) Automated tests 

(2) Manual tests 

(3) RF module carry-forward data tests. 

The majority of EA-1 tests were conducted using computer-controlled test 
equipment consisting of 20 Individual tests. Table 29 gives a brief sum- 
mary of each of the 20 automated tests. Hughes also employed four manual 
tests as summarled In Table 30. Finally, three carry-forward data tests, 
as summarized In Table 31, were used to measure a number of characteris- 
tics of the RF assembly SRU. 

10.2.2 EA-1 Test Data 

The EA-1 test data consisted of data from the automated, manual 
and RF module carry-forward data tests gathered from the ADL EA-1 LRU and 
automated and RF module carry-forward data tests gathered from the ESTL 
EA-1 LRU. The manual tests were not conducted on the ESTL EA-1 LRU. 

Before reviewing the test data, It was necessary to determine 
which EA-1 parameters were verified by each test. As part of the CDR data 
package, HAC supplied a verification matrix Indicating which tests satis- 
fied the respective paragraphs of the Hughes EA-1 LRU development specifi- 
cation DS 32012-020, Rev. A. Since the baseline EA-1 performance document 
Is the Rockwell specification MC 409-0025, Rev. B, not the Hughes LRU 
specification DS 32012-020, Rev. A, the first task was to establish a cor- 
relation between the Hughes LRU document and the Rockwell requirements. 

The verification matrices, as shown In Appendix A, provide the 
correlation by listing the HAC LRU specification paragraph and title, the 
HAC verification method and test, and the corresponding Rockwell paragraph(s) . 
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Table 29 . Acceptance Test Procedure Summary 
(Automated Tests) 


Test 

Number 

Title 

Purpose 

1 

Power Supply Test 

Selected LRU power supply outputs are monitored 
and the following responses verified: 

• Operation from 24 to 32 VDC Input voltage 
range 

• Nonoperation at undervoltage (18 VDC) 

• Operation of turn-on signal In response to 
COMM STBY, RADAR STBY, RADAR ON, COMM ON. 

2 

MOM Input Data 
Verification 

Verifies that correct data occurs In serial 
digital data to MDM's 1 and 2. Also measures 
Impedance, line noise, rise and fall times, 
signal rejection and common mode rejection. 

3 

Communication 

Not Implemented for ADL tests. 

4 

Self-Test 

Not Implemented for ADL tests. 

5 

Discrete Commands 
Test 

Verifies discrete ‘nputs and outputs not 
implicitly tested by combined other tests, 
which are as follows: 

• Radar Active/Passive • W1 debeam Transmit 

• Linear Polarization Select 

• Radar Power Low • W1 debeam Select 

• Radar Power Medium • Delta Channel 

• Transmit Enable Select 

• Comm Stby/On • Comm Alpha/Beta 

u Radar Stby/On Lobing 

• Radar Alpha/Beta • Comm Alpha/Beta 

Lobing Lobing Phase 

• Radar Alpha/Beta Lobing Phase 

6 

Encoder Input Tests 

Checks the alpha and beta encoder processors. 

7 

Motor Drive Test 

Verifies the following analog inputs to the 
antinna gimbal assembly: 

• Gyro primary excitation 

• Gyro spin motor drive (one and two) 

• Alpha gimbal motor drive (one and two) 

• Beta gimbal motor drive (one and two) 
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Table 29 . Acceptance Test Procedure Sunmary 
(Automated Tests) 

(Continued) 


Test 

Number 

Title 

Purpose 

8 

Servo Loop Character- 
istics and Pointing 
Loop Performance Test 

Measures the servo loop characteristics and 
verifies the pointing loop performance. 

9 

GPC Acquisition Mode 
Test 

Verifies pointing, tracking and searching In 
the GPC ACQUISITION mode for both radar and 
communications. 

10 

Autotrack and Manual 
Mode Test 

Verifies that Initial turn-on conditions are 
body stabilized, responds properly to slew com- 
mands and gimbals are stowed when commanded. 

11 

Rada r / Commun 1 ca t 1 o n 
Track Test 

Measures alpha and beta fine ar.d coarse gyro 
outputs. 

12 

GPC Designate Mode 
Test 

Checks for proper operation when GPC DESIGNATE 
steering mode Is commanded. 

13 

Break-Track Test 

Verifies correct processing when a break-track 
condition occurs. 

14 

Scan Test 

Not implemented for ADI. tests. 

15 

Antenna Slew Rate 
Test 

Verifies the slew rates In response to manual 
steering commands and the analog rate meter 
outputs for radar angle tracking. 

16 

Scan Warning Test 

When the antenna LOS enters the obscuration 
zone, this test verifies that the scan warning 
discrete signal and the MDM serial scan warning 
bit are raised. 

17 

Coordinate Conver- 
sion Test 

Verifies that the coordinate conversion error 
remains within tolerance within the 60° cone 
operating zone centered at 0.0 (-Z axis). 

18 

Boom Stow Tests 

The stowing procedure is verified 

19 

Handover Tests 

Verifies that EA-1 breaks track and goes to the 
latest designate when the TDRS EAST/WEST bits 
are toggled. Also, the test verifies that 
track is reestablished if COMM detect Is high 
or that. If COMM detect is low, inertial hold 
is maintained. 

20 

Glmbal Constraints 
Test 

The gimbal constraints are verified. 



Table 30, EA-1 Manual Tests 


Test 

Number 

Title 

Purpose 

1 

BER Tests 

Measures forward link BER as a function of C/Nq 

2 

Signal Strength 

Measures MOM 3 and D&C signal levels as func- 
tions of C/Nq for four conditions, as follows: 

• Carrier 

• Carrier + PN code 

• Carrier + data 

• Carrier + PN code + data 

3 

Acquisition Time 

Measures lock-up time for the signal condition 
Indicators of Costas lock, PN code lock and 
data-present for four conditions, as follows: 

• Carrier 

• Carrier + PN code 

• Carrier + data 

• Carrier + PN code + data 

4 

RF Reference Outputs 

Measures frequency and output power levels for 
the following signals: 

• 1876 MHz reference (SPA) 

• 156 MHz reference (EA-2) 

• 156 MHz reference (DA) 
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Table 31 . EA-1 RF Module Carry-Forward Data Tests 


Test 

Number 

Title 

Purpose 

1 

Reference Generation 
Test 

Measures the power output of the two RF assem- 
bly SRU 156 MHz reference signal outputs and of 
the RF assembly SRU 1875 MHz reference signal 
output. 

? 

Track IF Test 

Measures the RF assembly SRU track IF output 
peak-to-peak voltage with -30 dBm Input and 
-19 dBm Input. 

3 

Data IF Test 

Measures the RF assembly SRU data IF output to 
determine the 10 leakage with respect to the 
carrier and measures parameters to calculate 
the gain and bandwidth. 
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Aft«r an extensive examination of both documents* the conclusion Is that 
the Hughes LRU specification accurately reflects the Rockwell specifica- 
tion; therefore, the HAC verification tests should adequately test the 
EA-1 performance parameters with respect to the Rockwell requirements. 

By studying the verification matrices shown In section 10.2.4 
and the COR test data, It becomes apparent that a number of tests were not 
performed on the ADL and ESTL EA-1 LRU's such as verifying self-test, com- 
munications mode tracking, and the analog MOM interfaces. Also, both 
LRU's experienced a number of failures, such as the out-of-specification 
gyro spin motor voltages, wrong RF switch logic for the wldebeam transmit 
select, wldebeam select, delta channel select, radar loblnc, and communi- 
cation loblng. Inadequate 1.875 MHz reference signal level output for the 
ADL LRU and reading Invalid data from the MDMI SRU. 

10.2.3 Concluslons/Recommendatlons 

In reviewing the EA-1 COR test data, a number of test omissions 
and failures were apparent. Since the Axlomatlx evaluation revealed 
nothing that Is not known to NASA, Rockwell or HAC, or has not been docu- 
mented, Axlomatlx feels It unnecessary to restate the omissions, failures 
and corrective action plans. 

It is the opinion of Axlomatlx that the Hughes tests were well 
documented and adequately tested the EA-1 performance. Finally, one bene- 
fit resulting from this COR test data review by Axlomatlx Is that a docu- 
ment now exists In section 10.2.4 which, for the first time, relates the 
HAC EA-1 LRU specification to the Rockwell requirements. 
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10.2.4 Verification Matrices 

In the following verification matrices, the paragraph numbers 
In the left-hand column refer to the Hughes LRU development specification 
OS 32012-020, Rev. A, and the paragraph numbers In the right-hand column 
refer to the Rockwell Ku-band specification MC 409-0025, Rev. B. 

A TXX number refers to the automated test numbered XX, as listed 
In Table 29 . "Manual test" refers either to the manually performed 
acceptance tests, as listed In Table 30, or the RF module carry-forward 
data tests, as listed In Table 31. 

"DT" refers to verifications performed only by development 
tests. Items labeled "tester" are verified by the tester hardware Inter- 
faces during automated tests. 


... ia» nii aMUttaiiiultlUkiSliii 






Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

Hughes Verification Method 

Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

N/A 

1 

2 

3 

4 

a 

b , 

a 

b 

c 

3. 

Requirements 

X 









N/A 

3.1 

Item Definition 

X 









N/A 

3.1.1 

Reserved 

X 









N/A 

3.1.2 

Interface Definition 

X 









N/A 

3. 1.2.1 

Ele^.rical Power Bus Voltage 












Liffii ts 









TBS 

20.3.1.2.1 


Transient Surge Operation 









TBS 



Broadband Ripple 









TBS 



KF0004 and MF0004-020 











3. 1.2. 2 

Mechanical 

X 









N/A 

3. 1.2. 2.1 

Mounting 



X 







20.3.1.2.2.1 

3. 1.2. 2. 2 

Connectors 



X 







20.3.1.2.2.2 

3. 1.2. 3 

Cooling and Heating 









TBS 

20.3.1.2.3 

3.1. 2.4 

Signal Interface Definition 

X 









N/A 

3. 1.2. 4.1 

Digital MDM 









T2 

20.3.1.2.4.2, Rtf. Appendix XII 


Pin Numbers 




X 

X 

X 

X 





Time Tolerances 









TBS 


3. 1.2. 4. 1.1 

Control Discrete Characteris- 












tics 










20.3.1.2.4.2, Ref. Appendix XII 


(a) Receiver Type 




X 








(fa) Loqic Level 


■■ n 


_x_ 

.. 







NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Net Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 


3 = Test 4 = Carry-Forward Test(s) 

a = Development 

b * Qualification 

c = Acceptance w 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

Hughes Verification Method 

Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

N/A 

1 

2 

3 

B 

a 

□ 

B 

B 

a 

3. 1.2. 4. 1.1 

(0 

Rise/Fall Times 









TBS 


(Continued) 

(d) 

Signal Source Impedance 

X 











(e) 

Load Impedance 




X 








(f) 

Damage Threshold 




X 







3.1. 2.4.1.? 

Serial Data to MDM 










20.3.1.2.4.2, Ref. Appendix XII 


(a) 

Signal Type 




X 








(b) 

Logic Levels 









TBS 



(d) 

Driver Output Recovery 









TBS 



(e) 

Noise 





X 

X 

X 


T2 



(f) 

Rise and Fall Times 





X 

X 

X 


T2 



(g) 

Source Impedance 





X 

X 

X 


T2 



(h) 

Pulse Width Variation 













Isolation Resistance 





X 

X 

X 


T2 



(i) 

Common Mode Voltage 




X 

X 

X 

X 


±20 T2 

• 


(j) 

Common Mode Damage 













Threshold 









TBS 


3. 1.2. 4. 1.3 

Serial Data from MDM 










20.3.1.2.4.2, Ref. Appendix XII 

3. 1.2. 4. 2 

Ku-Band Serial 










N/A 


Pins 




X 

X 

X 

X 

X 

T2, T9 



Timing 




X 







3. 1.2. 4. 2.1 

Data 

Transfer Clock 










20.3.1.2.4.7.5.2 (EA-2) 













20.3.1.2.4.1.4.2 (SPA) 


Signal 




X 

X 

X 

X 





Clock Rate 




X 








Level 




X 

X 




D.T. 



NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

N/A = Not Applicable 

1 = Analysis 3 = Test 4 * Carry-Forward Test(s) 

a = Inspection a = Development f3 

b = Review of Design b = Qualification 

c = Acceptance 
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; t » 


* 1 


Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

Hughes Verification Method 

Hughes 

Verification 

Test 

Rockwel 1 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

N/A 

1 



B 

m 


B 

B 

a 

3. 1.2. 4. 2.1 

Load Impedance 





11 




D.T. 


(Continued) 

Source Coupling 









D.T. 



Load Coupling 

X 




N 




D.T. 



Rise and Fall Times 




X 

m 




D.T. 


3.1. 2. 4. 2. 2 

Data and Status Cover Pulse 










20.3.1.2.4.7.5.3 (EA-2 Data) 












20.3.1.2.4.7.5.4 (EA-2 Status) 












20.3.1.2.4.1.4.3 (SPA Data) 












20.3.1.2.4.1.4.5 (SPA Status) 


Signal 




X 

X 

X 

X 





Level 




Q 

X 




D.T. 



Load ImpHance 




Q 

X 

X 

X 


Tester 



Source Coupling 




X 

D 




D.T. 



Load Coupling 

X 




□ 




D.T. 



Rise ani Fall Times 




X 

X 




D.T. 


3. 1.2. 4. 2. 3 

Data Output 










20.3.1.2.4.7.5 (To EA-2) 












20.3.1.2.4.1.4.1 (To SPA) 


Signal Digital Data 




X 

X 

X 

X 





Data Rate 




u 








Data Type 




Q 

Sj 

D 

X 





Level 




II 

Q 

m 



D.T. 



Load Impedance 




D 





D.T. 



Source Coupling 




X 


■ 



D.T. 



Load Coupling 

X 





■ 



D.T. 



Rise and Fall Times 




y 





D.T. 



Jitter 




X 

1 

1 






NOTE: All input signals with tolerance variation characteristics will be certified by- test set calibration. 


N/A - Not Applicable 
1 = Aralysis 

a -- Inspection 
b = Review of Design 


D.T. = Development Test 

3 = Test 4 = Carry-Forward Test(s) 

a = Development 
b = Qualification 
c = Acceptance 


\ 

I 

1 


I 

.] 

1 


.1 
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Hughes 


Hughes Verification Method 


Rockwel 1 

Specification 










Hughes 

Specification 









i mm 

DS 32012-020 

Hughes 



i 

l 


3 



Verification 

HC 409-0025, Rev. B 

Paragraph Ref. 

Title 

N/A 

1 

a 

b 

a 

b 

c 

4 

Test 

Paragraph Ref. 

3. 1.2. 4. 2. 4 

Status Input 










20.3.1.2.4.7.5.4 (from EA-2) 

20.3.1.2.4.1.4.4 (Froa SPA) 

3. 1.2. 4. 3 

Discrete Control Signals 

X 









N/A 

3. 1.2. 4. 3.1 

Inputs 




X 

X 

X 

X 


Tl, T5, T9, 

20.3.1.2.4.5.1 (Froa ADA) 











T10, T12 

20.3.1.2.4.3.2 (Froa 6CILU) 
20.3.1.2.4.3.1 (Froa OCC) 

20.3.1.2.4.6.2.2 (Froa DA) 

! 3.1. 2. 4.3.2 

Input Characteristics 










20.3.1.2.4.3.2 (GCILU) 

20.3.1.2.4.3.1 (OCC) 

20.3.1.2.4.5.1 (ADA) 

20.3.1.2.4.6.2 (DA) 


Data Rate 




X 








Waveform 




X 








Level 




X 








Source Current 




X 








Termination 




X 








Rise and rail Times 




X 







3. 1.2. 4. 3. 3 

Outputs 




X 

X 

X 

X 


Tl, T4, T5 
T18 

20.3.1.2.4.5.2.1-2 (ADA) 

20.3.1.2.4.4.1 (Displays) 

20.3.1.2.4.7.1.1 (EA 2) 












20.3.1.2.4.6.1.1- 6 (DA) 

20.3.1.2.4.1.1.1- 2 (SPA) 


NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = hot Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 


3 = Test 4 = Carry-Forward Test(s) 

a = Development 
b = Qualification 
c = Acceptance 
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-flra-ow 

%' a i a 


f 

E 


f 




1 


i 


l 


Hughes 


Hughes Verification Method 


Rockwel 1 











Hughes 

Specification 

pfJCTL 1 I 1 Id l 1 Uil 






'' 




DS 32012-020 

Hughes 

N/A 

1 


7 


3 



Veri ri cation 

MC 409-0025, Rev. B 

Paragraph Ref. 

Title 

a 

b 

a 

b 

c 

4 

Test 

Paragraph Ref. 

3. 1.2. 4. 3. 4 

Output Characteristics 










20.3.1. 2.4. 5. i. 1-2 (AbA) H 

20.3.1.2.4.4.1 (Displays) 

20.3.1.2.4.7.1 (EA-2 

20.3.1.2.4.6.1 (DA) 

20.3.1.2.4.1.1 (SPA) 






Data Rate 




X 

X 

X 

X 


T5 



Waveform 




X 








Level 




X 

X 

X 

X 


T5 



Source Current 




X 

X 

X 

X 


T5 



Short-Circuit Current 




X 

X 

X 

X 


T5 



Termination 




X 








Rise and Fall Times 




X 







3. 1.2. 4. 4 

Differential Control Signals 

X 









N/A 

3. 1.2. 4. 4.1 

Inputs 




X 

X 

X 

X 


T5 

20.3.1.2.4.7.2.1-4 (EA-2) 

3. 1.2. 4. 4. 2 

Input Characteristics 

Signal 




X 






20.3.1.2.4.7.2 (EA-2) 


Level 




X 








Source Impedance 




X 








Source Coupling 
Load Coupling 

X 



X 








Rise and Fall Times 




X 







3. 1.2. 4. 4. 3 

Outputs and Characteristics 
Signal Title Lobing Phase 




X 






N/A 


0/180 

Pins 




X 

X 

X 

X 


T5 

20.3.1.2.4.6.3.13 


NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 


3 = Test 

a = Development 
b = Qualification 
c = Acceptance 


4 * Carry-Forward Test(s) 


CP 

CP 

ro 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 


3. 1.2. 4. 4. 3 
(Continued) 


3. 1.2. 4. 5 
3. 1.2. 4. 5.1 


Hughes 

Title 

Hughes Verification Method 

Hughes 

Verification 

Test 

N/A 

1 

2 

3 

4 

a 

b 

a 

b 

c 

Signal 




X 






Frequency 




X 

X 

X 

X 


T5 

Level 




X 






Load Impedance 




X 






Source Coupling 




X 






Load Coupling 

X 









Rise and Fall Times 




X 






Signal Title Lobing Alpha-Beta 










Pins 




X 

X 

X 

X 


T5 

Signal 




X 






Frequency 




X 

X 

X 

X 


T5 

Level 




X 






Load Impedance 




X 

X 

X 

X 


T5 

Source Coupling 




X 






Load Coupling 

X 









Rise and Fall Times 




X 






Antenna Control 

X 









Servo Motor Drive Outputs 




X 






(1) Signal Title Alpha Motor 










Drive 




X 






Pins 




X 

X 

X 

X 


T7 

Signal 




X 

X 

X 

X 


T7 

Frequency 




X 

X 

X 

X 


T7 

Level 




X 






Load Characteristics 




X 

X 

X 

X 


T7 

Source Coupling 




X 








Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 


20.3.1.2.4.6.3.12 


N/A 

N/A 

20.3.1.2.4.6.3.1 (To DA) 


NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 


3 = Test 4 * Carry-Forward Test(s) g 

a - Development w 

b = Qualification 

c - Acceptance 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

Hughes Verification Method 

Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

N/A 

1 

2 

3 

4 

a 

b 

a 

b 

c 

3. 1.2. 4. 5.1 

Lead Coupling 

X 










(Continued) 

Rise and Fall Tines 




X 








(2) Signal Title Beta Motor 












Drive 




X 






20.3.1.2.4.6.3.1 (To DA) 


Pins 




X 

X 

X 

X 


T7 



Signal 




X 

X 

X 

X 


T7 



Frequency 




X 

X 

X 

X 


T7 



Level 




X 








Load Characteristics 




X 

X 

X 

X 


T7 



Source Coupling 




X 








Load Coupling 

X 











Rise and Fall Times 




X 







3. 1.2. 4. 5. 2 

Gimbal Lock Drive Output 










20.3.1.2.4.6.3.11 (To DA) 


Signal Title Antenna Gimbal 












Lock Drive 




X 








Pins 




X 

X 

X 

X 


T18 



Signal 




X 

X 

X 

X 


T18 



Current 




X 

X 

X 

X 


T18 



Load Impedance 




X 








Source Coupling 




X 








Load Coupling 

X 










3. 1.2. 4. 5. 3 

Encoder Drive 










20.3.1.2.4.6.3.3 (To 0A) 


Signal Title Encoder Input 




X 








Pins 




X 

X 

X 

X 


Tl 




Signal 






X 








NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 


3 = Test 4 = Carry-Forward Test(s) 

a = Development 
b = Qualification 
c = Acceptance 
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Hughes 


Hughes Verification Method 


Rockwell 

Specification 










Hughes 

Specification 









-■mw 

DS 32012-020 

Hughes 


1 


? 


3 



Verification 

MC 405-0025, Rev. B 

Paragraph Ref. 

Title 

N/A 

a 

b 

a 

b 

c 

4 

Test 

Paragraph Ref. 

3. 1.2. 4. 5. 3 

Level 




X 

X 

X 

X 


T1 


(Continued) 

Source Current 




X 








Source Coupling 
Load Coupling 

X 



X 







3. 1.2. 4. 5. 4 

Gyro Drive 

(1) Signal Title Gyro 




X 






N/A 

20.3.1.2.4.6.3.4 (To DA) 


Primary Excitation 
Pins 




X 

X 

X 

X 


T7 



Signal 




X 








Frequency 




X 

X 

X 

X 


T7 



Level 




X 

X 

X 

X 


T7 



Source Current 




X 








Source Couping 
Load Coupling 

X 



X 








(2) Signal Title Gryo Spin 




X 






20.3.1.2.4.6.3.2 (To 0A) 


Motor Excitation 




X 







Pins 




X 

X 

X 

X 


T7 



Quadrature Square Waves 




X 

X 

X 

X 


T7 



Frequency 




X 

X 

X 

X 


T7 



Level 




X 

X 

X 

X 


T7 



Source Current 




X 

X 

X 

X 


Tester 



Source Coupling 
Load Coupling 

X 





X 





. 



NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Not App] :oble 
1 = Analysis 

a = Inspection 
b = Review of Design 


3 = Test 4 = Carry-Forward Test(s) 

a = Development 
b = Qualification 
c - Acceptance 
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I 


i 

? 

& 


Hughes 


Hughes Verification Method 


Rockwel 1 

Specification 










Hughes 

Specification 










DS 32012-020 

Hughes 


1 


l 


3 



Verification 

MC 409-0025, Rev. B 

Paragraph Ref. 

Title 

N/A 

a 

b 

a 

b 

c 

4 

Test 

Paragraph Ref. 

3.1 .2. 4. 5. 5 

RSA Inputs 

(1) Signal Title Alpha Axis 










N/A 


High 




X 






20.3.1 . 2. 4.6. 4. 5. 1 (From DA) 


Pins 




X 

X 

»: 

X 


Tester 



Signal 




X 

X 

X 

X 


Tester 



Frequency 

Level 

X 



X 








Scale Factor 
Offset of Source 

X 



X 








Source Impedance 
Source Coupling 

X 



X 








Load Coupling 




X 

X 

X 

X 


Tester 



(2) Signal Title Alpha 












Low 




X 






20.3.1.2.4.6.4.5.1 (From DA) 


Pins 




X 

X 

X 

X 


Tester 



Signal 




X 

X 

X 

X 


Tester 



Frequency 

Level 

X 



X 








Scale Factor 

Scale Factor Accuracy 




X 








of Source 

X 











Source Impedance 
Source Coupling 

X 



X 








Load Coupling 
Offset of Source 

X 



X 

X 

X 

X 


Tester 



NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 


3 = Test 4 = Carry-Forward Test(s) 

a = Development 
b = Qualification 
c = Acceptance 


Page 9 of 30 







Hughes Verification Method 


DS 32012-02G j Hughes 

Paragraph Ret.j Title 


3. 1.2. 4. 5. 5 (3) Signal Title Beta Axis 

(Continued) High 

Pins 

Signal 

Frequency 

Level 

Scale Factor 
Scale Factor Accuracy 
of Source 
Source Impedance 
Source Coupling 
Load Coupling 
Offset of Source 

(4) Signal Title Beta Axis 
Low 
Pins 
Signal 
Frequency 
Level 

Scale Factor 
Scale Factor Accuracy 
of Source 
Source Impedance 
Source Coupling 
Load Coupling 
Offset of Source 



Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

Tester 

Tester 

20.3.1.2.4.6.4.5.1 (?ro« OA) 

Tester 


Tester 

Tester 

20.3.1.2.4.6.4.5.1 (Fro* DA) 

Tester 



All input signals with tolerance variation characteristics will be certified by test set calibration. 

N/A = Not Applicable 

1 = Analysis 3 = Test 4 = Carry-Forward Test(s) 

a = Inspection 
b = Review of Design 


3 = Test 

a = Development 
b = Qualification 
c = Acceptance 
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Hughes 


Hughes Verification Method 


Rockwell 

Specification 










Hughes 

Specification 






r 




DS 32012-020 

Hughes 




> 


3 



Verification 

MC 409-0025, Rev. B 

Paragraph Ref. 

Title 

n/a 

1 

a 

D 

A 

b 

c 

4 

Test 

Paragraph Ref. 

3. 1.2. 4. 5. 6 

Encoder Inputs 

(1) Signal Title Alpha Encoder 










N/A 

20.3.1.2.4.6.4.4.1 (From 0A) 


Index 




X 







Pins 




X 

X 

X 

X 


Tester 



Frequency 




X 








Level 




X 








Source Impedance 
Source Coupling 

X 



X 








Load Coupling 
Rise and Fall Times 

X 



X 

X 

X 

X 


Tester 



(2) & (3) Signal Title Alpha 
Encoder 

Output & Encoder Quad Output 




X 






20.3.1.2.4.6.4.4.1 (From DA) 


Pins 




X 

X 

X 

X 


Tester 



Pulse Rate 




X 

X 

X 

X 


T6, 750 Hz 












max. 



Level 




X 








Source Impedance 




X 








Source Coupling 
Load Coupling 

X 



X 

X 

X 

X 


Tester 



Rise and Fall Times 

X 











(4) Signal Title Beta Encoder 












Index 




X 






20.3.1.2.4.6.4.4.1 (From DA) 


Pins 




X 

X 

X 

X 


Tester 



Frequency 




X 








Level 




X 










NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Not Applicable 

1 = Analysis 3 = Test 4 * Carry-Forward Test(s) 

a = Inspection a = Development 

b = Review of Design b = Qualification 

c = Acceptance 

/ Page 11 of 30 


/ 


/ 



I 

i 


r 


Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 


1 

! 

Hughes 

Title 

Hughes Verification Method 

Hughes 

Verification 

Test 

N/A 

1 

2 

[ 3 

4 

a 

b 

a 

b 

c 

Source Impedance 




X 






Source Coupling 

X 









Load Coupling 




X 

X 

X 

X 


Tester 

Rise and Fall Times 

X 









Signal Title Beta Encoder 










Output 




X 






Pins 




X 

X 

X 

X 


Tester 

Pulse Rate 




X 

X 

X 

X 


T6, 750 Hz 










maximum 

Level 




X 






Source Impedance 




X 






Source Coupling 

Y 









Load Coupling 




X 

X 

X 

X 


Tester 

Rise and Fall Times 

X 









Signal Title Beta Encoder 










Quad Output 




X 






Pins 




X 

X 

X 

X 


Tester 

Pulse Rate 




X 

X 

X 

X 


T6, 750 Hz 










maximum 

Level 




X 






Source Impedance 




X 






Source Coupling 

X 









Load Coupling 




X 

X 

X 

X 


Tester 

Rise and Fall Times 

X 










Roclrwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 


3. 1.2. 4. 5. 6 
(Continued) 


20.3.1.2.4.6.4.4.1 (Fro* DA) 


20.3.1.2.4.6.4.4.1 (Fro* OA) 


NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 

4 = Carry-Forward Test(s) 


N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 


3 = Test 

a = Development 
b = Qualification 
c = Acceptance 
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Hughes 

Specification 
OS 32012-020 
Paragraph Ref. 



Hughes Verification Method 

Hughes 

N/A 

1 

2 

3 


Title 

a 

b 

a 

b 

c 

4 

Radar Track Inputs 

(1) Signal Title Alpha Error 




X 





Pins 




X 

X 

X 

X 


Signal 




X 

X 

X 

X 


Level 

Source Impedance 

X 



X 

X 

X 

X 


Source Coupling 
Load Coupling 

X 



X 





(2) Signal Title Beta Encoder 




X 





Pins 




X 

X 

X 

X 


Signal 




X 

X 

X 

X 


Level 

Source Impedance 

X 



X 

X 

X 

X 


Source Coupling 
Load Coupling 

X 



X 





Power Supply Inputs 
(1) & (2) Pins 

X 



X 

X 

X 

X 


Signal 




X 

X 

X 

X 


Level 




X 

X 

X 

X 


Source Current 




X 





Source Coupling 




X 





Load Coupling 




X 





Deleted 


__ 


— 






Hughes 

Verification 

Test 


Rockwell 
Specification 
MC 409-0025, Rev. 3 
Paragraph Ref. 


3. 1.2. 4. 5. 7 


3. 1.2. 4. 5. 8 


3. 1.2. 4. 5. 9 


Tester 

Til 

Til 


N/A 

20.3.1.2.4.7.4.2 (Fro* EA-2) 


Tester 

Til 

Til 


20.3.1.2.4.7.4.2 (Frow EA-2) 


20.3.1.2.4.6.4.7 


Tester 

Tester 

Tester 


NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Not Appl icable 
1 = Analysis 

a - Inspection 
b = Review of Design 


3 = Test 4 = Carry-Forward Test(s) 

a = Development 
b = Qualification 
c - Acceptance 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

Hughe 

s Verification Method 

Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

N/A 

1 

2 

3 

4 

a 

b 

a 

b 

c 

3.1.2.4.5.10 

Mi debeam Select/Delta Channel 










20.3.1.2.4.6.1.7 (Wideband to DA; 


Control 










20.3.1.2.4.6.1.8 (Delta to DA) 


(1) Signal Title Widcbeam 












Select/Delta Channel 












Select 




X 








Pins 




X 

X 

X 

X 


T5 



Siqr.r.1 




X 

X 

X 

X 


T5 



Level Execute 




X 








Load Impedance 




X 

X 

X 

X 


Tester 



Source Coupling 




X 








Load Coupling 

X 










3. 1.2. 4. 6 

Forward Link 

X 









N/A 

3. 1.2. 4. 6.1 

IF Inputs 










N/A 


(1) Signal Title Data IF 




X 






20.3.1.2.4.6.4.1 (Froai DA) 


Connector 




X 

X 

X 

X 


Tester 



Signal 




X 

X 

X 

X 


Tester 



Frequency 




X 

X 

X 

X 


Tester 



Level 




X 

X 

X 

X 


Manual Test 



Source Impedance 




X 

X 

X 

X 


Tester 



Load Impedance 




X 








VSWR 




X 








(2) Signal Title Track IF 




X 






20.3.1.2.4.6.4.3 (Fro* DA) 


Connector 




X 

X 

X 

X 


Tester 



Signal 




X 

X 

X 

X 


Tester 



Frequency 




X 

X 

X 

X 


Tester 



NG TP 


1 1 , 


All 

N/A 

1 


input signals with tolerance variation characteristics will be certified by test set calibration. 

= Not Applicable 

= Analysis 3 = Test 4 = Carry-Forward Test{s) 

a = Inspection a = Development 

b = Review of Design b = Qual ification 

c = Acceptance 


U 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

3. 1.2. 4. 6.1 
(Continued) 

Level 

Source Impedance 
Load Impedance 
VSWR 

3. 1.2. 4. 6. 2 

Data Output 


Signal Title 216 kbps Data 

Pins 

Signal 

Data Rate 

Level 

Common Mode Voltage 
Load Impedance 
Source Coupling 
Load Coupling 

3. 1.2. 4. 7 

Measurements and Reference 
Frequencies 

3. 1.2. 4. 7.1 

Analog Measurements 
(1) Signal Title Radar Signal 
Strength 
Signal Level 
Source Impedance 
Load Inpedance 
Source Coupling 
Load Coupling 


Hughes Verification Method 



Hughes 

Verification 

Test 

Rockwell 
Specification 
NC 409-0025, Rev. B 
Paragraph Ref. 

Tester 

Tester 

20.3.1.2.4.1.2.1 (To SPA) 

20.3.1.2.4.1.2.1.1 

20.3.1.2.4.1.2.1.2 

Manual Test 
Manual Test 
Manual Test 
Manual Test 

M/A 


N/A 

T3 

Tester 

20.3.1.2.4.7.4.1 (From EA-2) 


All input signals with tolerance variation characteristics will be certified by 

test set calibration. 

N/A = Not Applicable 
1 = Analysis 

3 = Test 

4 = Carry-Forward Test(s) 

a = Inspection 

a = Development 


b = Review of Design 

b = Qualification 



c = Acceptance 
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“4 




Hughes 

Specification 
DS 32012-020 


Paragraph Ref. 


3. 1.2. 4. 7.1 


( 2 ) 


(Continued) 


(3) 


(4) 


Hughes 

Title 

Hughes Verification Method 

Hughes 

Verification 

Test 

Rockwel 1 
Specification 
MC 4G9-0025, Rev. B 
Paragraph Ref. 

N/A 

1 

— 

2J 

3 

4 

a 

b 

a 

b 

c 

Signal Title Transmit RF 











Power 




X 






20.3.1.2.4.6.4 .2 (From DA) 

Pins 




X 

X 

X 

X 


T3 


Signal Level 




X 

X 

X 

X 


T3 


Source Impedance 




X 

X 

X 

X 


Tester 


Load Impedance 




X 







Source Coupling 

X 










Load Coupling 




X 







Signal Title Transmit RF 











Power 




X 






20.3.1.2.4.2.3 (To MDM) 

Pins 




X 

X 

X 

X 


T3 


Signal 




X 

X 

X 

X 


T3 


Level 




X 

X 

X 

X 


T3 


Source Impedance 




X 







Source Coupling 




X 







Load Coupling 

X 










Signal Title Signal 











Strength (MDM) 




X 






20.3-1.2.4.2.3 (To MDM) 

Pins 




X 

X 

X 

X 


T3 


Signal 




X 

X 

X 

V 

A, 


T3 


Level 




X 

X 

X 

X 


T3 


Source Impedance 




X 







Source Coupling 




X 







Load Coupling 

X 











I0TE: All input signals with tolerance variation characteristics will be certified by test set calibration, t 


N/A = Not Applicable 
1 = Analysis 

a - Inspection 
b = Review of Design 


3 = Test 4 = Carry-Forward Test(s) 

a = Development 
b = Qualification 
c - Acceptance 


W 

4 * 

Ui 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

3. 1.2. 4. 7.1 
(Continued) 

(5) Signal Title Signal 
Strength (D&C) 

Pins 

Signal 

Level 

Source Impedance 
Source Coupling 
Load Coupling 


(6) Signal Title Antenna 
Pitch Rate 
Pins 
Signal 
Level 

Source Impedance 
Load Impedance 


(7) Signal Title Antenna Roll 
Rate 
Pins 
Signal 
Level 

Scale Factor 
Source Impedance 
Load Impedance 
Source Coupling 
Load Coupling 


Hughes Verification Method 


Hughes 

Verification 

Test 



Rockwell 
Specification 
MC 409-0025, Rev. 3 
Paragraph Ref. 


20.3.1.2.4.4.2.2 {To MC) 


20.3.1.2.4.4.2.1 (To Displays) 


20.3.1.2.4.4.2.1 (To Displays) 


All input signals with tolerance variation characteristics will be certified by test set calibration. 

J/A = Not Applicable 

1 = Analysis 3 = Test 4 = Carry-Forward Test(s) 


1/A = Not Applicable 
1 = Analysis 

a = Inspection 
b - Review of Design 


3 = Test 

a = Development 
b = Qualification 
c = Acceptance 
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Hughes 

Speci fication 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

3. 1.2. 4. 7. 2 

Digital Displays 
Signal Title Digital 
Dedicated Display Data 
Pins 
Signal 
Data Rate 
Level 

Rise and Fall Times 
Load Impedance 
Source Coupling 
Load Coupling 

3. 1.2. 4. 7. 3 

RF Reference 

(1) Signal Title 1876 MHz Ref 
Connector 
Level 

Source Impedance 
Load Impedance 


(2) Signal Title 156 MHz 
Ref (EA-2) 

Connector 

Signal 

Level 

Source Impedance 
Load Impedance 


Hughes Verification Method 



Hughes 

Verification 

Test 

Rockwel 1 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 


20.3.1.2.4.4.3 (To Displays) 

Tester 

T9 


Tester 
Manual Test 

N/A 

20.3.1.2.4.1.3.1 (To SPA) 

Tester 
Manual Test 
Manual Test 

20.3.1.2.4.7.3.1 (To EA-2) 


All input signals with tolerance variation characteristics will be certified by test set calibration. 

1/A = Not Applicaole 

1 = Analysis 3 = Test 4 = Carry-Forward Test(s) 

a = Inspection a = Development 

b = Review of Design b = Qualification 

c - Acceptance 
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f 


Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 


3. 1.2. 4. 7. 3 
(Continued) 


3. 1.2. 4. 8 
3. 1.2. 4. 8.1 


3. 1 . Z.4. 8. 2 


Hughes 
Ti tie 

Hughes Verification Method 

Hughes 

Verification 

Test 

N/A 

1 

2 

3 

4 

a 

b 

a 

b 

c 

(3) Signal Title 156 MHz 










Ref (DA) 




X 






Connector 




X 

X 

X 

X 


Tester 

Signal 




X 

X 

X 

X 


Manual Test 

Level 




V 

rv 

X 

X 

X 


Manual Test 

Source Impedance 




X 






Load Impedance 




X 






DC Power 

X 









VBUS 










Signal Title 




X 






Pins 




X 

X 

X 

X 


Tl 

Signal 




X 

X 

X 

X 


Tl 

Level 




X 

X 

X 

X 


Tl 

Source Current 




X 

X 

X 

X 


Tl 

Source Coupling 




X 

X 

V* 

A 

X 


Tl 

Load Coupling 




X 

X 

X 

X 


Tl 

Panel Power 










Signal Title 28 VDC Control 










Panel Power In 




X 






Pins 




X 

X 

X 

X 


Tl 

Signal 




X 

X 

X 

X 


Tl 

Level 




X 

X 

X 

X 


Tl 

Source Current 




X 






Source Coupling 




X 

X 

X 

X 


Tl 

Load Coupling 




X 

__ 

X 

X 

X 


Tl 


Rockwel 1 
Specification 
HC 40S-0025 , Rev. B 
Paragraph Ref. 


20.3.1.2.4.6.3.8 (To DA) 


20.3.1.2.1 


N/A 

20.3.1.2.1 


NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 


3 = Test 4 = Carry-Forward Test(s) 

a - Development 
b = yual ification 
c = Acceptance 
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Hughes 

Specification 
OS 32012-020 
Paragraph Ref. 

Hughes 

Title 

3. 1.2. 4. 8. 2 

Signal Title 28 VDC Control 
Panel Power Out 
Pins 
Signal 
Level 

Source Current 
Source Coupling 
Load Coupling 

3. 1.2. 4. 9 

Test and Measurements 

3. 1.2. 4. 9.1 

Test Connector Access 

3.1.2.4.10 

Deleted 

3.1.2.4.11 

Conrnon Mode Protection 

3.1.3 

Item Identification 

3.2 

Characteristics 

3.2.1 

Performance 

3. 2. 1.1 

Life Requirements 

3. 2. 1.1.1 

Operating Life 

3. 2. 1.1. 2 

Useful Life 

3. 2. 1.1. 3 

Shelf Life 


Hughes Verification Method 


Hughes 

Verification 

Test 



Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 


20.3.1.2.4.3.3 


Requirements spread throughout 
RI Specification 

N/A 

N/A 

N/A 

20.3.2.1.1 

20.3.2.1.1.1 

20.3.2.1.1.2 

20.3.2.1.1.3 


All 

input signals with tolerance 

variation characteristics will be certified by 

test set calibration. 

N/A 

= Not Applicable 



1 

= Analysis 

? - Test 

4 * Carry-Forward Test(s) 5* 


a = Inspection 

a = Development 

Nl 


b = Review of Design 

b = Qualification 




c = Acceptance 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 
T i tie 

Hughes Verification Method 

Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

N/A 

1 

2 

3 

4 

a 

b 

a 

b 

c 

3. 2. 1.2 

Forward Link 

X 










3. 2. 1.2.1 

Forward Link Input Signals 

X 









N/A 

3. 2. 1.2. 1.1 

Data IF Signal 




X 





D.T. 

20.3.2.1.2.1.1.5.1 












20.3.2.1.2.1.1.6 

3. 2. 1.2. 1.2 

Track IF Signal 




X 





O.T. 

20.3.2.1.2.1.1.5.2 

3. 2. 1.2. 2 

Forward Link Output Signals 

X 









N/A 

3. 2. 1.2. 2.1 

Signal Strength Indication 




X 

X 

X 

X 


T3 

20.3.2.1. 2. 1.2.9w 












20.3.2.1.2.1.3.6.1.1a 

3. 2. 1.2. 2. 2 

Conn Detect Flag 




X 

X 

X 

X 


T3 

20.3.2. 1.2.1. 3.6.1. 2b 


0.99 Prob in 350 ms 


X 


X 

X 

X 

X 


T3 



10" 6 Prob for C/N 0 56.9 dB-Hz 


X 










Functional 




X 

X 

X 

X 


T3 


2.3.1 .2.2.3 

Data-Preser.t Flag 










20.3.2.1.2.1.3.6.1.2m 


Logical Condition for Output 




X 

X 

X 

X 


T3 



0.99 Prob in 2.5 sec w/o PN 


X 


X 

X 

X 



Manual Test 



0.98 Prob in 12.5 sec w/PN 


X 


X 

X 

X 



Manual Test 


3. 2. 1.2. 2. 4 

Baseband Data Output 




X 

X 

X 

X 


T3 

20.3.2.1.2.1.1.6 (Portions only 

3. 2. 1.2. 3 

Bit Error Rate Degradation 




X 

X 

X 

X 


Manual Test 

Table 3- IV 

3. 2. 1.2. 4 

Angle Track Processing 












Functional 




X 

X 

X 

X 


Til 

Requirements spread throughout 











RI Specification 


Scale Factor 



X 




X 




NOTE: All input signals with tolerance variation characteri sties will be certified by test set calibration. 


N/A = Not App 1 1 table 

1 - Analysis 3 = Test 4 - Car*-y-Forward Test(s) 

a = Inspection a = Developront 

b = Review of Design b = Qualification 

c = Acceptance 
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Hughes 

Speci fi cat ion 
OS 32012-020 
Paragraph Ref. 

Hughes 

Title 

3. 2. 1.3 

Antenna Servo 

3. 2. 1.3.1 

Point Mode 

3. 2. 1.3. 1.1 

Body Stabilization 
Servo Response Ramp 
Functional 
Pointing Accuracy 

3. 2. 1.3. 1.2 

Inertial Stabilization 

3. 2. 1.3. 2 

Tracking 
Gain Accuracy 
Radar and Cornn 
Functional Tests 

3. 2. 1.3. 3 

Slewing 

Function and Accuracy 
Implementation 

3. 2. 1.3. 4 

Position Reference Initializa- 
tion 

3.2.1 .3.5 

Rate Loop Characteristics 


Hughes Verification Method 



Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409- 002S , Rev. B 
Paragraph Ref. 


M/A 

T9, T12. T17 

Requirements spread throughout 
RI Specification 

1 

T12 

T12 



Til 



T10, T15 



T18 

* 

Requirements spread throughout 
RI Specification 


N/A 

j 


All input signals with tolerance variation cha- -teristics will be certified by test set calibration. 

/A - Not Applicable 

1 = Analysis 3 = Test 4 = Carry-Forward Test(s) 

a = Inspection 
b = Review of Design 


3 = Test 

a = Development 
b = Qualification 
c - Acceptance 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

Hughes Verification Method 

Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

N/A 

1 

2 

3 

4 

a 


a 

b 

c 

3. 2. 1.3. 5.1 

Analog Shaping 




X 

X 

X 

X 

X 

T8 

Hughes 

internal requirement 

3. 2. 1.3. 5. 2 

Digital Input 

X 









M 

U N 

3. 2. 1.3. 5. 3 

DC Offsets 

X 









M 

m m 

3. 2. 1.3. 5. 3.1 

Radar Track 

X 









n 

H N 

3. 2. 1.3. 5. 3. 2 

Comm Track 

X 









N 

N N 

3. 2. 1.3. 5. 3. 3 

Fine Inertial Hold 

X 









M 

M N 

3. 2. 1.3. 5. 3. 4 

Coarse Inertial Hold 

X 









M 

n n 

3. 2. 1.3. 5. 4 

Motor Driver 

X 










N/A 

3. 2. 1.3. 5. 4.1 

Limits 




X 

X 

X 

X 


T7 

Hughes 

internal requirement 

3. 2. 1.3. 5. 4. 2 

Transfer Function 




X 

X 

X 

X 

X 

Manual Test 

N 

M M 

3.2.1 .3.5.5 

Tachometer Shutuown 




X 

X 

X 

X 


T6 

•1 

M N 

3. 2. 1.3. 5. 6 

DAC Stability and Linearity 




X 






N 

If M 

3.2.1 .3.6 

Scan Mode 










M 

H N 


Moding 




X 

X 

X 

X 


T14 

•( 

M M 


Scans versus Range 




X 






N 

N M 

3. 2. 1.4 

Antenna Control 

X 









M 

H 91 

3. 2. 1.4.1 

An^’e Transforms 




X 

X 

X 

X 


T6, T17 

II 

Cl H 

3. 2. 1.4. 2 

LOS Angle Rate Transformations 




X 

X 



X 

X 


T15 

H 

H «* 


NOTE: All input signals with tolerance variation characteristics will be certified by test set calibration. 


N/A = Not Applicable 

1 = Analysis 3 = Test 4 = Carry-Forward Test(s) 

a = Inspection a = Development 

b = Review of Design b = Qualification 

c = Acceptance 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

3. 2. 1.4. 3 

Obscuration Calculation 
(Selected Angles Tested) 

3. 2. 1.4. 4 

Stow 

3. 2. 1.4. 5 

Unstow 

3. 2. 1.4. 6 

Wiggle Test 

3. 2. 1.4. 7 

Motor Protection - Deleted 

3. 2. 1.4. 8 

Zero Rate Conmand 

3. 2. 1.4. 9 

Deleted 

3. 2. 1.5 

Mode Control 

3. 2. 1.5.1 

Forward Link Functions 

3. 2. 1.5. 2 

Servo Modes 

3. 2. 1.5. 3 

Antenna Steering Control 
Functions 

3.^.1 .5.4 

System Control 

3. 2. 1.5. 4.1 

Initialization Procedure 


Hughes Veri f ication Method 



Hughes 

Veri r ication 
Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

T16 

Hughes internal requirement 

T18 

II H M 

T16 

II H N 

M It N 

II it n 


II H H 

N/A 


N/A 

T3, Til 
Manual Test 

Requirements spread throughout 
RI Specification 

Til, T12 
T14 T15 

Hughes internal requirement 

Til, T12 
T14, T15 

Requirements spread throughout 
RI Specification 

TH, T12 
T14, T15 


All automatic 
except T1 

Requirements spread throughout 
RI Specification 

J 


All input signals with tolerance variation characteristics will be certified by test set calibration. 

■i/A = Not Appl icable 

I = Analysis 3 = Test 4 = Carry-Forward Test(s) 

a = Inspection 
b = Review of Design 


3 = Test 

a = Development 
b = Qualification 
c = Acceptance 
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m 


Hughes 

Speci f ication 
DS 32012-020 


Hughes Verification Method 

Hughes 

Verification 

Rockwell 
Specification 
MC 409-0025, Rev. B 

Hughes 



2 

3 


Paragraph Ref. 

Title 

N/A 

1 

a 

b 

a 

b 

c 

4 

Test 

Paragraph Ref. 

3. 2. 1.5. 4. 2 

Acquisition Procedure--TBS 









TBS 


3. 2. 1.5. 5 

Self-Test 









TBS 

2U.3.2.1.2.1.2.13 

3.2.1 .5.6 

Displays & Controls Functions 




X 

X 

X 

X 


T9 

Requirements spread throughout 
RI Specification 

3. 2. 1.5. 7 

System Reference Signals 




X 

X 

X 

X 


Tl, T3 
T5, T7 


3. 2. 1.5. 8 

Priorities 




X 






Requirements spread throughout 
RI Specification 

3. 2. 1.5. 9 

Control & Output Status Signals 

X 









N/A 

3. 2. 1.5. 9.1 

Orbiter Serial Outputs 




X 

X 

X 

X 


All automatic 
except Tl 

20.3.2.1.2.1.3.6.1.2 

3. 2. 1.5. 9. 2 

Orbiter Discrete Otuputs 




X 

X 

X 

X 


Tl, T9, T10 
T16, T18 

20.3.2.1 .2.1 .3.6.4 . 1 ADA) 
20.3.2.1.2.1.3.6.:., (D&C) 

3. 2. 1.5. 9. 3 

Ku Serial Outputs 




X 

X 

X 

X 


T9 

20.3.2.1.2.1.2.14.1.5 (EA-2 
20.3.2.1.2.1.1.13.1.4.1 (SPA) 

3.2.1 .5.9.4 

Ku Discrete Outputs 




X 

X 

X 

X 


T4, T5 

20.3.2.1 .2.1 .1 .13.1 .1 (SPA) 

20.3.2.1.2.1.2.14.1.1 (EA-2) 

20.3.2.1.2.1.3.6.5.1 (DA) 

3.2.1.5.10 

Control & Status Input Signals 

X 









N/A 

3.2.1.5.10.1 

Orbiter System Input Signal' 

X 









20.3.2.1.2.1.3.6.1.3 (MDM) 

20.3.2.1.2.1.3.6.2.1 (OCC) 

20.3.2.1.2.1.3.6.4.1 (ADA) 

20.3.2.1.2.1.3.6.2.2 (GCILU) 


N/A = Not Applicable 
1 = Analysis 

a = Inspection 
b = Review of Design 


on characteristics will be certified by test set calibration 


Test 

a = Development 
b = Qualification 
c = Acceptance 


4 = Carry-Forward Test(s) 


U 

tJI 

ro 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

3.2.1 .5.10.2 

Ku Input Signal 

3.2.1.5.10.3 

Internal Status Discretes 

3.2.1 .6 

System Control 

3. 2. 1.6.1 

Data Control 

3. 2. 1.6. 1.1 

Format 

3. 2. 1.6. 1.2 

Protocols 

3. 2. 1.6. 1.3 

Timing 

3. 2. 1.7 

Self-Test 

3. 2. 1.7.1 

Enable and Disable 

3. 2. 1.7. 2 

Sequence 

3. 2. 1.7. 3 

Signals and Data 

3. 2. 1.7. 3.1 

Output Signals 

3. 2. 1.7. 3. 2 

Input Signals 

3.2.1 .7.3.3 

MDM Data 

3. 2. 1.7. 3. 4 

D&C Data 


Hughes Verification Method 



Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

All automatic 
except T1 

20.3.2.1.2.1.3.6.5.2 (DA) 

20.3.2.1.2.1.2.14.1.2 (EA-2) 
20.3.2.1.2.1.2.14.1 .6a-i (EA-2) 

20.3.2.1.2.1.1.13.1.4.2 (SPA) 

Hughes internal requirement 
N/A 
N/A 

All automatic 

20.3.2.1.2.1.1.13.1.4 (SPA) 

except T1 

20.3.2.1.2.1.1.13.1.4.2 (SPA) 
20.3.2.1.2.4.7.5.1 (EA-2) 
20.3.2.1.2.4.7.5.4 (EA-2) 

20.3.2.1 .2.1 .2.13 

T4 

Hughes internal requirement 

TBS 

•1 II N 

l» II fl 

TBS 

II li II 

TBS 

It II II 

TBS 

ii ii n 

TBS 

mm m 


All input signals with tolerance variation characteristics will be certified by test set calibration. 

N/A = Not Applicable 

1 = Analysis 3 = Test 4 = Carry-Forward Test(s) 

a = Inspection a = Development 

b = Review of Design b = Qualification 

c = Acceptance Page 26 of 30 


3 = Test 

a = Development 
b = Qualification 
c = Acceptance 

















Hughes 

Specification 
OS 32012-020 
Paragraph Ref. 

Hughes 
T i 1 1 r - 

3. 2. 1.7. 3. 5 

Correlation 

3. 2. 1.7. 4 

Time to Perform Self-Test 

3. 2. 1.8 

Displays and Controls 

3. 2. 1.8.1 

Discrete Command and Status 
Interface 

3. 2. 1.8. 2 

Orbiter Status and Displays 
Interface 

3. 2. 1.8. 2.1 

Digital Displays 


Frequency and Update 

3. 2. 1.8. 2. 2 

Analog Displays 


3. 2. 1.8. 4.1 Requirements 
All other provisions 

3. 2. 1.8. 3 

Digital MDM Interface 

3. 2. 1.8. 3.1 

Operating Modes 
Functional Table 3. 2. 1.8-3 
100 as Separation 
Malfunction Operation 


Hughes Verification Method 



Hughes 

Verification 

Test 



Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 


Hughes internal requirements 



N/A 

20.3.2.1.2.1.2.14.16 

20.3.1.2.4.4.3 
20.3.2.1.2.12.14.2.2 

20.3.1.2.4.2.3 (Coot) 
20.3.2.1.2.1.2.14.2.1.1 (Radar) 


20.3.1.2.4.2.1 

20.3.1.2.4.2.2 

20.3.2.1.2.1.3.6.1.2 

20.3.2.1 .2.1 .3.6.1 .3 


All input signals with tolerance variation characteristics will be certified by 

/A = Not Applicable 

1 = Analysis 3 = Test 

a = Inspection a = Development 

b = Review of Design b = Qualification 

c = Acceptance 


test set calibration. 

4 - Carry-Forward Test(s) 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

3. 2. 1.8. 3. 2 

Performance 

3.2.1 .8.3.3 

Data Format 

3. 2. 1.8. 3. 4 

Transmission Format 

3. 2. 1.8. 3. 5 

Transmission Protocols 

Functional 

3. 1.2. 4.1 

3. 2. 1.8. 3. 6 

Data Validation 

3. 2. 1.8. 4 

Analog MDM Interface 

3. 2. 1.8. 4.1 

Signal Strength 
Pins 

Output Level 

Bandwidth 

Gain 

Idle Channel Noise— TBS 
DC Offset— TbS 

3. 2. 1.8. 4. 2 

i 

Transmit RF Power 
Pins 

Output Level 

Bandwidth 

Gain 


Hughes Verification Method 



Hughes 

Verification 

Test 

Rockwell 
Specification 
MC 409-0025, Rev. B 
Paragraph Ref. 

Singer Data 


All automatic 
except T1 


All automatic 
except T1 


T2 


T2 

20.3.1.2.4.2.3 

20.3.2.1.2.1.2.14.1.4(a) 

Tester 


TBS 

TBS 

j 


All 

input signals with tolerance 

variation characteristics will be certified by 

test set calibration. 

N/A 

= Not Applicable 



1 

= Analysis 

3 = Test 

4 = Carry-Forward Test(s) 


a = Inspection 

a = Development 



b = Review of Design 

b = Qualification 
c = Acceptance 
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Hughes 

Specification 
DS 32012-020 
Paragraph Ref. 

Hughes 

Title 

3. 2. 1.8. 4. 2 
(Continued) 

Idle Channel Noise--TBS 
DC Offset— TBS 

3. 2. 1.9 

System Reference Signals 

3.2.1 .9.1 

Reference Frequency Generation 
156 MHz Reference Frequency 


Frequency 

Temperature Stability 
Long-Term Stability 
Level 


Amplitude Stability 
Phase Stability 
Incidental FM 
Spurious Outputs 
Jitte- 


1.876 GHz Reference Frequency 
Frequency 

Temperature Stability 
Long-Term Stability 
Level 

Phase Stability 
Incidental FM 
Spurious Outputs 
Jitter 


Hughes Verification Method 




Rockwel 1 

Hughes 

Specification 

Verification 

HC 409-0025, Rev. B 

Test 

Paragraph Ref. 

TBS 


TBS 

20.3.1.2.4.6.3.8 

20.3.2.1.2.1.2.14.1.3 

Manual Test 


D.T. 


TBS 


Manual Test, 


D.T. 


TBS 


D.T. 


TBS 


D.T. 


TBS 

20.3.1.2.4.1.3.1 

TBS 

j 

TBS 

t 

1 

TBS 


TBS 


TBS 

i 

TBS 


TBS 



All input signals with tolerance variation characteristics will be certified by test set calibration. 

N/A = Not Applicable D.T. = Development Test 

1 = Analysis 3 - Test 4 = Carry-Forward Test(s) 

a = Inspection 
b = Review of Design 


3 - Test 

a = Development 
b = Qualification 
c = Acceptance 
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n 


Hughes 

Speci fication 
DS 32012-020 
Paragraph Ref. 


2. 2. 1.9. 2 


Hughes Verification Method 


Hughes 
Ti tie 


3. 2. 1.9. 3 


3. 2. 1.9. 4 


Encoder Drive 
Waveform 
Voltage 
Ripple 
Max Current 

Antenna Lobing 


Functional 

Transitions 

Asynmetry 

Gyro Excitation 

Excitation 

Waveform 

Voltage 

Frequency 

Current 

Spin Motor 

Waveform 

Voltage 

Frequency 

Max Current 




Rockwell 

Hughes 

Specification 

Verif ication 

HC 409-0025, Rev. B 

Test 

Paragraph Ref. 


20.3.1.2.4.6.3.3 

Tl 


Tl 

20.3.1.2.4.6.3.12 

20.3.1.2.4.6.3.13 
20.3.2.1 .2.1 .2.14.1 .2c,d 

T5 

20.3.1.2.4.6.3.2 

20.3.1.2.4.6.3.4 

T7 


T7 


T7 

T7 

Tester 

j 


All input signals with tolerance variation characteristics will be certified by test set calibration. 

S/A = Not Applicable 

1 = Analysis 3 - Test 4 = Carry-Forward Testfs) 

a = Inspection 
b = Review of Design 


3 = Test 

a = Development 
b = Qua! ification 
c = Acceptance 
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